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p-HYDROXYBENZYL |SOTHIOCYANATE

Summa ry

p-Hydroxybenzy! isothiocyanate is the constituent responsible for
both flavor and aroma in white mustard. This isothiocyanate is not
present in the free state as such but is produced as a result of
hydrolysis of sinalbin present in the mustard. The presence of sinalbin
in the protein meal of white mustard has restricted the use of the
meal as an animal {eed because of the toxic properties of its hydrolysed
products (28). In an introduction to a report, Holmes (19) mentioned
that p-hydroxybenzy! isothiocyanate is capable of causing acute
gastroenteritis and salivation in farm |ivestock.



p-HYDROXYBENZYL |SOTHIOCYANATE

Chemical Information

I. Nomenclature
A. Common Names
None
B. Chemical Names
1. p-Hydroxylbenzyl Isothiocyanate
C. Trade Names
None
D. Chemical Abstracts Number

None

Il. Empirical Formula

C8H7ONS

I'N't. Structural Formula

HO-__D-CHp NeCes-

V. Molecular Welght

165.2

V. Specifications

No Information Available



Vi. Description
A. General Characteristics

p-Hydroxybenzy| isothiocyanate is mainly responsible for the
characteristic sharp, hot pungency of mustard. |t crystallizes out
of light petroleum as colorless needles at -10 degrees C.

B. Physical Properties
mp 42 degrees C
C. Stability

p-Hydroxybenzy| isothiocyanate decomposes when heated above 50
degrees C and is preferably stored under light petroleum in the ice
box. In alkali rapid and complete decomposition of the compound to
p-hydroxybenzyl-alcohol and thiocyanate ions occurs (2).

VIt. Analytical Methods

Josefsson developed a method for the quantitative determination of
p-hydroxybenzyl isothiocyanate in enzymic digests of seed meal of white
mustard (Sinapls alba L.). The isothiocyanate was treated with sodium
hydroxide and the released thiocyanate was determined by use of ferric
nitrate reagent. A sample in which the ferric thiocyanate complex was
destroyed by addition of mercuric chloride was used as a control for the
colorimetric determinations. A relative standard deviation of 0.9% was
found when the method was applied to micro-quantities (21).

A titrimetric method for the determination of p-hydroxybenzyl iso-
thiocyanate has been developed by Raghavan et al. which is based on
the quantitative conversion of p-hydroxybenzyl isothiocyanate into
thiocyanate. The thiocyanate is then determined iodometrically after
conversion fto cyanogen bromide. The method is applicable to pure
sinalbin, white mustard and also to mixed mustard flour consisting of
black and white mustard (28).

In the method developed by Shankaranarayana, et al., the p-hydroxybenzyl
isothiocyanate is reacted with piperidine to form p~hydroxybenzyl
piperidyl thiourea. The excess unreacted piperidine is back titrated
using standard sulphuric acid and the amount of p-hydroxybenzyl iso-
thiocyanate calculated (32).

VIIl. Occurrence
A. Plants

p-Hydroxybenzy| isothiocyanate is produced by the enzymatic
hydrolysis of sinalbin, which occurs in mustard.



B. Anlmals
None
C. Synthetics
None
D. Natural Inorganic Sources

None



Biological Data

In a discussion of the safety of mustard as a forage crop for
farm livestock, Holmes mentioned in passing that mustard contains
p-hydroxybenzyl isothiocyanate and that this compound Is capable of
causing acute gastroenteritis and salivation (19),

Raghaven, et al. mentioned that the protein meal of white mustard
has been restricted in use as an animal feed because of the toxic
properties of p-hydroxybenzyl| isothiocyanate, which occurs as a
hydrolysis product of the sinalbin contained in the meal (28).

I. Acute Toxicity

No Information Available

I'l. Short-Term Studies

No Information Available

111, Long-Term Studies

No Information Available

IV. Special Studies

No Information Available



Biochemical Aspects

Hreakdown

No Information Availlable

Absorption-Distribution

No Information Available

Metabolism and Excretion

No Information Available

Effects on Enzymes and Other Biochemical Parameters

No information Available

Drug Interaction

No Information Available

Consumer Exposure

No Information Available



Addendum

Raghaven's metion of the toxicity of p-hydroxybenzy! isothiocyanate
was based on the document by Barothy. However, examination of this
A cament and o7 the references cited by Barothy revealed no direct
¢ omatoon on p~hydroxybenzyl isothiocyanate (however, not all of the
referencas have jet been obtained). Rather, Barothy had drawn his
conclusions from work on related compounds. The document by Barothy
and the pertinent references cited in it (those available) are re-

produced at the end of this moncaraph.
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Synthesis of p‘-Hydroxybcnzyl-Isothiocyanate and its Isolation from White Mustard Seeds
- By J. Barothy and H. Newkom

Depariment of Agricultural Chemistry, Swiss Federal Institute of Technology, Zurich, Switzerland

The isothiocyanate! of the white mustard seeds
(Sinapis alba L.) has been identified by Salkowski2 and
recently by Kjaer and Rubinstein3 as p-hydroxy-
benzyl-isothiocyanate by way of thiourea derivatives.
To our knowledge p-hydroxybenzyl-isothiocyanate
has however never been obtained in the pure state
either by synthesis or by isolation from white mustard.

Taking into account the known instability of this
isothiocyanate in aqueous and especially in alkaline
systems,* a new attempt was made to synthesise and
isolate p-hydroxybenzyl-isothiocyanate in a pure form.
As a result the isothiocyanate could be obtained as a
white crystalline material.

p-Hydroxybenzyl-isothiocyanate was synthesised
by the method of Slotta and Dressler.5 The final
benzene solution was evaporated to dryness, the
isothiocyanate dissolved in warm light petrolcum and
the solution concentrated until turbid. p-Hydroxy-
benzyl-isothiocyanate crystallised at --10°c. as long
colourless needles, m.p. 42°c. after two recrystallisa-
tions from light petroleum. The compound decom-
poses when heated above 50°c. and is preferably stored
under light petroleum in the ice box. The yield was
only 149, based on the ammonium salt. Thin layer
chromatography gave one single spot with a Rg-value
of 0-50-0-53 (Kieselgel G, solvent: n-heptane-benzene-
dioxan, 2:3:2; spraying agent: 2,6-dichloro-p-benzo-
quinone-4-chlorimine, 1°, in alcohol. followed by 2N
sodium carbonate solution). Reaction with antline
gave N-p-hydroxybenzyl-N'-phenyl-thiourea which
was identical with the derivative obtained from p-
hydroxybenzylamine and phenylisothiocyanate.3

For the isolation of the isothiocyanate from
sinapis alba the seed meal was mixed with water and
after one hour, the paste was extracted with light
petroleum or chloroform. The emulsions were
separated by centrifugation and the extracts dried over
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cyanate formed during hydrolysis of glucobrassicin
and which seems to be even more labile.7

We thank J. & J. Colman Ltd., Norwich, for
financial support of these investigations.

Received November 25, 1964
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sodium sulphate. The solutions were separated by
chromatography on a silica gel column with the same
solvent as used for thin layer chromatography. The
fractions containing the isothiocyanate were combined
and the solvents distilled off. "\l’%c p-hydroxybenzyl-
isothiocyanate was dissolved in warm light petroleum
and crystallised at —10°C. as colourless needles, m.p.
42°c. (yields: 370 mg. (11%,) and 545 mg. (16%) from
100 g. of white mustard flour using respectively
light petroleum and chloroform as solvent). The
isothiocyanate was identical with the synthetic product
(UV and IR-spectra, thiourea derivative).

p-Hydroxybenzyl-isothiocyanate is an unusually
unstable mustard oil in contrast to the closely related

p-hydroxyphenyl- and benzyl-isothiocyanate which

are stable compounds. In alkali rapid and complete
decomposition to p-hydroxybenzyl-alcohol (identified
by thin layer chromatography) and thiocyanate ions
occurs. The latter can be determined casily as ferric
complex and the quantitative thiocyanate formation
has in fact been used as an assay for p-hydroxybenzyl-
isothiocyanate.6 The instability is owing to the p-
hydroxybenzyl grouping which permits formation of
a quinone methide as an unstable intermediate:

Hoh—@?-c»zq«z c=s

ens®enpo + o=©=cuz L no—@—cu,ou

In this respect p-hydroxybenzyl-isothiocyanate
resembles the hypothetical 3-indolylmethyl-isothio-
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2 Satkowski, H., Ber. drsch. chem. Ges., 1889, 22, 2137

3 Kjaer, A. & Rubinstein, K., Acta chen. Scand., 1954, 8, 598

4 Will, H. & Laubenheimer, A., Ann. Chem., 1879, 199, 150
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A Case of Suspected Poisoning of Dairy Cows by White
Mustard Seeds (Sinapis alba)

BY

R. G. HOLMES
_Velerinary Investigation Centre, Norwich

SUMMARY.—A case of suspected mustard seed
poisoning is described. Eight of 54 cows died within 24
days of having access to 35 1b. of white mustard seeds
which had been deposited in a field where they were

grazing.
P to farm livestock and the present case rccord

shows the danger of ignorance of the poisonous
properties of certain plants and their products and the
need, when the danger is appreciated, of preventing
stock having access to such material.

The “mustard” group of plants comprises white
mustard (Sinapis alba), black mustard (Sinapis nigra),
and wild mustard or charlock (Sinapis arvensis).
White mustard is grown either as a forage crop for
the folding of sheep. as a green crop for ploughing
in, or for use in the commercial manufacture of mus-
tard. It should be grazed six to eight wecks after
sowing (Worden, Sellers & Tribe, 1963) before the
seeds are formed because these contain glycosides
from which the toxic principles p. hydroxybenzyl
isothiocyanate and a trace of isopropyl isothiocyanate
are released by enzymic decomposition. These active
principles are capable of causing acute gastro-
enteritis and salivation. Black mustard is much
more toxic than white and is not therefore used as
grazing but only for the production of seed for use
as a condiment.

Forsyth (1954) described losses in sheep that grazed
a crop in which the pods had formed. Eaton (1941)

Introduction
OISONOUS plants continue to present a hazard

reported an outbreak of suspected poisoning in which
three 34-year-old bullocks died five days after being
turned out on to a white mustard stubble. Sheep had
grazed this same field without ill effect five weeks
previously when the plant was in flower. Wild
mustard, or charlock, has been reported to cause
mortality in lambs which grazed it when the seeds
were formed (Gallie & Paterson, 1945). Similar losses
have been described in cattle (Kutuzov, 1958).

Case History

On Thursday, November 7th, 1963, approximately
35 Ib. of white mustard seeds were swept up from
the barn floor of a farm growing white mustard for
manufacturing purposes and deposited on a pasture
where the herd of 54 dairy cows was grazing. At
2.30 p.m. on Friday one cow was observed to stagger
backwards and walk in circles, It became recumbent
and showed opisthotonos and profuse salivation. No
diarrhoea was evident. Later in the day another
animal developed similar symptoms and both these
cows together with two others were found dead on
the Saturday morning. At this stage the mustard
seeds remaining in the field were swept up and carried
away. Three other cows developed signs of illness
during the night and died on Saturday morning.
while one died later the same day. A bull and two
other cows appeared ill but recovered and altogether
eight of the 54 cows at risk died within 30 hours of
the first cow appearing ill. :

(Concluded at foot of col. 1 opposite)

The Carmriage of Pathogenic Staphylococei by Sheep.
~—Concluded.

presence or absence of infection in the ewes and in
their lambs. A similar lack of correlation has been
noted previously by Foggic (1947).

If more detailed studies of the source of infection
in lambs with pyaemia are to be made it will be
necessary to develop a phage-typing system designed
for the examination of sheep strains of S. awreus.

Acknowledgments.—1 wish to record my thanks
to the flock owners who supplied these lambs and to
their veterinary surgeons for allowing me free access
to material from these flocks. The sheep at the
Veterinary  Investigation Centre, Leeds, were
managed by Mr. R. Parker and the bacteriological
examinations were performed by Miss 1. M. Bewley,
Mr. R. Bellhouse and Mr. A. Westwood. I am grate-
ful to Dr. M. P. Jevons and Dr. M. T. Parker, Central
Public Health Laboratory, Colindale, for typing the
staphylococcal isolates. Dr. M. P. Vessey of
Rothamsted Experimental Station kindly advised on

the presentation of the results. My thanks are due
to Mr. L. E. Hughes and Mr. W. B. V. Sinclair for
their help and interest. .
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A Case of Suspected Polsoning of Dalry Cows by
White Mustard Seeds (Sinapis alba).—Concluded.

Post-mortem Examination

Post-mortem examinations were carried out by the
owner’s veterinary surgeon and material from one
cow was submitted to Norwich Veterinary Investiga-
tion Centre. The significant finding was the presence
of abomasitis and enteritis, the intestinal contents
being pink in colour. The kidneys showed patchy
areas of congestion and cystitis was also evident. The
rumen was well filled with fibrous material and also
contained a considerable quantity of mustard seeds.
Biochemical examination showed the lead content of
the kidney to be normal and the liver contained less
than 1 p.p.m. As.O.. Examination of the mustard
seegls and rumen contents for cyanide gave negative
results.

" Conclusion

The post-mortem findings, together with the history
and the negative results of biochemical examinations.
offer sufficient evidence 10 warrant a diagnosis of
susne »1 mustard seed poisoning.

Acknowledgments —1 wish to thank Miss G. Lewis
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>METHOD FOR QUANTITATIVE DETERMINATION OF
p-HYDROXYBENZYL ISOTHIOCYANATE

IN DIGESTS OF SEED MEIAL OF ‘§INAPIS ALBA ;I(J .

—

By E. JOSEFSSON

A method has been developed for the quantitative determination of p-hydroxybenzyl isothiocyanate in

mmic d:igcsts of seed meal of white mustard (Sinapis alba L.). The isothiocyanate was treated with
um hydroxide and the released thiocyanate was determined by use of ferric nitrate reagent. A sample
in which the ferric thiocyanate complex was destroyed by addition of mercuric chloride was used as a
control for the colorimetric determinations. The yields of isothiocyanate obtained after hydrolysis of
p-hydroxybenzylglucosinolate at differcnt pH have been studied. A relative standard deviation of 0:9%
was found when the method was applied to micro- quaatitities. The simplicity and rapi of the method
and its applicability to small samples make it well suited for use in connexion with ,

Introduction

Seed meal of white mustard (Sinapis alba L.) contains
p-hydroxybenzylglucosinolate, which upon enzymatic hydro-
lysis yields glucose, hydrogen sulphate and p-hydroxybenzyl
isothiocyanatel.? The toxic properties of the iutter sub-
stance limit the use of white mustard seed meal as animal feed.
In efforts to select plant material with a lower p-hydroxy-
benzylglucosinolate content, a method for quantitative
determination of the isothiocyanate was sought. In order to
be applicable to plant breeding, the method should be suit-
able for rapid serial analysis of small quantities of meal.

For estimating p-hydroxybenzyl isothiocyanate Miihlenfeld®

suggested adding ammonia and silver nitrate. The silver
nitrate was thought to react with the sulphur of the thiourea
derivative of the isothiocyanate and the surplus silver could
be titrated with ammonium thiocyanate. The same principle
was used by Beer.er al¢ It has been shown, however, that
when p-hydroxybenzyl ‘isothiocyanate is treated with alkali
it is rapidly and quantitatively split to p-hydroxybenzyl-
alcohol and thiocyanate ion.5-7

Scharrer er al8 and Ettlinger & Thompson® determined
the thiocyanate ion released from p-hydroxybenzyl isothio-
cyanate by treatment with alkali. The methods described.
however, do not seem to be well adapted for analysing a large
number of samples of plant breeding material.

J. Sci. Fd Agric., 1968, Vol. 19, April
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Bauer & Holle!?and Terry & Corran'! made estimations of

rhydmxybenzylglucosinolate content by determination of

sulphate. Barothy? extracted the glucosinolate with

], evaporated the solvent, incubated with myrosinase

and titrated the hydrogen ion relcased. In this laboratory a

rapid serial method based on determination of sulphate was

wested but it lacked precision when applicd to quantities of
meal lower than 30 mg.

since colorimetric determinations are very suitable for
serial analysis, and estimation of thiocyanate ions with ferric
nitrate reagent is a very sensitive method, this principle was
used in the present study.

Bowleri? investigated the optimum conditions for deter-
mination of thiocyanate in blood serum with ferric nitrate
reagent. He found that a large excess of reagent should be
used. His method was adapted by the Central Veterinary
Laboratory, Weybridge,!? for use in analysis of fresh kale.
1n such material as well as in seed meal of white mustard, the
ferric nitrate reagent reacts with phenolic compounds in the
sample, giving rise to a yellowish coloration interfering with
the colovr of the ferric thiocyanate complex. This problem
was overcome by preparing duplicate aliquots of each sample
and adding to one set a little mercuric chloride which destroys
the ferric thiocyanate and provides a control!3 In the
present studies it was found that when the absorption spec-
trum in the interval 380-550 nm was measured against the
control it was the same as that of a sample of pure thiocyanate.

Experimental and Results

Materials

Seed material was obtained from the Qil Crops Division at
the Swedish Seed Association, Svalof.

Reagents were of analytical reagent grade.

Myrosinase was prepared using the method outlined by
wrm_l(,lﬁ

p-Hydroxybenzylglucosinolate was obtained as the tetra-
methylammonium salt from Calbiochem, Los Angeles.

Conditions for optimum release of p-hydroxybenzyl isothio-
cyanate and thiocyanate ions

In studies of analysis of isothiocyanates of Brassica seed
meals, it was found that the yield of isothiocyanates was
highly dependent on the pH at which enzymatic hydrolysis
of the glucosinolates was performed.!® At pH 7 there were
considerable losses, which could, however, be avoided by
heating the sced and treating the meal with hot bufler.!3.17
Fig. 1 shows that when incubated at pH > § there are losses
in yield of thiocyanate from white mustard. These losses
could be avoided ¢ither by applying the treatments used for
Brassica seed meals or by the use of hot buffer treatment
alone (Table I). Since a pH of 4-5 gives an optimum yicld
without heat treatment, this pH was used in further studies.

After studying the incubation times needed for the complete
enzymic release of isothiocyanate from p-hydroxybenzyl-
glucosinolate and the release of thiocyanate ions after
addition of different quantities of sodium hydroxide, the
following analytical method was found to be suitable.

<
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PH
FiG. 1. Effect of pH on amount of p-hydroxybenzyl-isothiocyanate

obtained from digests of Seco white mustard meal

(o) acetate buffer, (x) phosphate buffer
The samples were incubuted with myrosinase at room temperature for 90 min and

treated with sodium hydroxide for 18 min

TaBLE I

Effect of heat treatments of a single batch of seed and seed meal of white mustard, cv. Seco, on the amount of
p-hydroxybenzyl isothiocyanate obtained

" The samples were incubated with myrosinase at room temperature for 90 min and treated with sodium hydroxide for 15 min

Meal treatment

Exp. No. Sced treatment

Incubated in buffer mg p-hydroxybenzyl isothiocyanate

per g dry meal
1 None None Phosphate, pH 60, 0:05 N Mz = 27-5
2 Kept at 90°c for 15 min None Phosphate, pH 6-0, 0-05 N Mz = 30'5
in a closed vessel i
3 None Treated with hot Phosphate, pH 6-0,0-05 N Mz = 36-0
buffer, pH 6-0 .
4 Kept at 90°c for 15 min Treated with hot Phosphate, pH 6-0, 0-05 N Mg = 35-0
in.a closed vessel buffer, pH 6-0
5 None None Phosphate, pH 7-0,0-05 N M¢=31-3
6 Kept at 90°c for 15 min Treated with hot Phosphate, pH 7-0, 0-05 N Ms = 35-0
in a closed vessel buffer, pH 70
7 None None Phosphate, pH 8:0, 0-1 N Mg = 31-5
8 Kept at 90°c for 15 min Treated with hot Phosphate, pH 8-0, 0-1 N M; = 351
in a ¢ vessel buffer, pH 8-0

3. Sci. Fd Agric., 1968, Vol. 19, April
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Method

150 mg of defatted seed meal is placed in a 250 ml Erlen-
meyer flask and 100 ml 0-1 M acetate buffer, pH 4-5, is
added together with 1 mt 0-59% aqueous myrosinase solution.
The flask is stoppered with a greased glass stopper and
shaken for 15 min at room temperature. Then 12 mi 1 N
sodium hydroxide are added and the sample is shaken for a
further $ min. The sample is filtered and 15 ml of the filtrate
are treated with 15 ml 10% trichloroacetic acid. The
precipitate is filtered off. From each filtrate are taken two
5 mi aliquots, and 5 ml 0-4 M ferric nitrate in 1 N nitric acid
is added to each in artificial light. To one are added 2 drops
of §% mercuric chloride solution. This sample is used as a
control and the colorimetric measurement is made at 460 nm
in 1 cm cuvettes. In the present experiments the measure-
ments were made in a Zeiss PMQ II spectrophotomcter.

The method has been successfully adapted to analysis of
microquantitics. In this case about 15 mg of meal are
incubated in centrifuge tubes with 10 ml acetate buffer and
0-1 ml myrosinase solution. During incubation, the tubes
are shaken.

Precision and accuracy of the metilod

Studies of the precision of the method were made using
the micro-modification. From Table II the standard
deviation of 1+0-3 is less than 1% of the average value.

TasLE 11

Determination of p-hydroxybenzyl isothiocyanate in digests of a
single seed meal of Seco white mustard according to different methods

mg p-hydroxybenzyl isothiocyanate

Method per g dry meal
- Means + S.D.
Gravimetric determination of
matically released sulphate mg =31-74£0-7
Entancer& hompson® me = 35-8407
Present, micro- modification myo = 368 + 03

The accuracy of the method has been tested by comparing
it with gravimetric determination of enzymically released
sulphate, with the method of Ettlinger & Thompson,® and
by observing the recovery upon addition of known amounts
of potassium thiocyanate or p-hydroxybenzylglucosinolate.
Table II shows that the present method gives a significantly
(P <0-001) higher isothiocyanate value than the gravimetric
sulphate determination. The gravimetric method is, how-
" ever, rather complicated and its standard deviation relatively
large. The method of Ettlinger & Thompson® gave slightly
lower values than the present one. The difference in values
between the two methods (2-69) was significant at the 1%
level. As the method of Ettlinger & Thompson includes
several extractions and washings, it seems probable that as a
result of minor losses, low rather than high values would be
obtained.

Addition of potassium thiocyanate to the meal gave a
recovery of 95:7% (mean value of three determinations).
Recovery tests were also made with p-hydroxybenzylglucosin-
olate added to the meal as the tetramethylammonium salt.
* The mean value of five determinations was 87-9% recovery
if the glucosinolate added was regarded as 100%; pure. 1Itis,
however, probable that its purity was lower. Thiocyanate
analysis of the glucosinolate by itself gave a mean value (five
determinations) of 89-92%, of the theoretical. Calculated

NN A!‘J“h‘

from 89-9% purity of the glucosinolate, the recovery with
meal was 97-8%,.

Discussion

The reason for the lower values for p-hydroxybenzyl.
isothiocyanate when unheated meal is analysed at pH > 5.0
has not been clearly established. The minimum of estimateq
isothiocyanate at pH 6-0 may indicate the existence of an
isothiocyanate-destroying enzyme with a pH optimum at tha,
pH and sensitive to a low pH. André & Carbouérest® repor
that an enzyme which destroys isothiocyanates exists in seeds
of black mustard, rape and turnip rape but not in white
mustard seed. At pH >S5 isothiocyanates react with
proteins,!®.20 but this reaction would be supposed to proceed
more quickly at pH 7-0 than at pH 6:0. It has been found,
however, that at pH 7 considerable amounts of thiocyanate
will be formed from p-hydroxybenzyl isothiocyanate.® Since
thiocyanate ion is inert to protein this reaction will reduce the
consumption of isothiocyanate by protein at higher pH.

As the analyses are carried out in test tubes and the opera-
tions are simple, the present method is very well adapted for
rapid serial analysis. By still further reducing the volumes
used in the analysis, it would be possible to analyse samples
of 2-3 mg of white mustard meal.
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Volumetric Determination of p-Hydroxybenzyl Isothiocyanate
in Sinalbin® ( p-hydroxybenzylglucosinolate) and in
White Mustard Seed (Sinapis alba L)

by B. Raghavan, M. L. Shankaranarayana, S. Nagalakshmi and C. P. Natarajan

Central Food Technological Research Institute, Mysore, India
(Revised Manuscript received 2.; June, 1971)

p-Hydroxybenzyl isothiocyanate is the constituent responsible for both flavour and aroma in white
mustard. This isothiocyanate is not present in the free state as such but Is produced as a result of
hydrolysis of sinalbin present in the musiard. A survey of the existing methods showed the lack of
a specific, quick and a reliable method for the estimation of p-hydroxybenzyl isothiocyanate. A
titrimetric method has been déveloped which is based on the quantitative conversion of p-hydroxybenzyl

isothiocyanate into thiocyanate. ‘
The method is applicable to pure sinalbin, white mustard and also to mixed

to cyanogen bromide.

The thiocyanate is then determined iodometrically after conversion

mustard flour consisting of black and white mustard. -

Introduction

WHITE mustard is one of the important spices used for both
flavour and aroma. The whole seeds ure used in pickles and
in salads while the prepared mustard, which is a mixture of
ground mustard with salt, vinegar, spices and other condi-
ments, is used in sandwiches, frankfurter and gravies. Mus-
tard flour finds a place in the preparation of meats, fish and
sauces, and in medicine it is used as mustard plasters for giving
relief in respiratory illnesses. White mustard has been found
to be a valuable source of protein and edible oil. The condi-
mental property of the white mustard is mainly due to the
presence of p-hydroxybenzyl isothiocyanate which is respon-
sible forthecharacteristicsharp, hot pungency. Thep-hydroxy-
benzyl isothiocyanate does not exist as such in mustard but is
produced as a result of hydrolysis of sinalbin (p-hydroxy-
benzylglucosinolate) with an enzyme myrosin. The presence
of sinalbin in the protein meal of white mustard has restricted
the use of the meal as an animal feed because of the toxic
properties of its hydrolysed products.! Since the p-hydroxy-
benzyl isothiocyanate is not steam-volatile, the methods
normally employed for the determination of allyl isothio-
cyanate in black mustard are not applicable for the white
mustard.

A survey of the existing analytical methods described in
literature for the determination of sinalbin shows that the
initial step in all these consists of releasing the p-hydroxy-
benzyl isothiocyanate, glucose and sinapin acid sulphate by
enzymic hydrolysis (Eqgn. 1).

S.CeH 08 myrosinase
/

HO CHy-C +Hg0

oL Do “N-0-503.CigHpaNOs = 2

Sinalbin

HO—¢___)—CHp-N=CsS+CgH;20g + CigHaeNOg HSO, ...... (Eqn.1)
p-hydroxy - Glucose Sinapin acid sulphate
benzy! isothwocyanate
Bauer & Holle® have determined the sinalbin in the whole
seeds by converting the sulphate as barium sulphate and
estimating it gravimetrically. It was, however, observed by
Terry & Corran? that this method gave higher values due to
the co-precipitation of protéins. Therefore, they modified

* Sinapin-p-hydroxybenzylglucosinolate
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the procedure by precipitating the sulphate as benzidine
sulphate and determining it volumetrically. In the colori-
metric method of Scharrer ¢t al.5, p-hydroxybenzyl isothio-
cyanate, in fat-free seeds, is converted into sodium thiocyanate
which reacts with ferric chloride giving a red coloured ferric
thiocyanate. Josefsson® modified the above method by
replacing ferric chloride with ferric nitrate. In the methods
of Bauer & Holle? and Terry & Corran,* the sulphate content
is determined by indirect procedures and both these methods
are time-consuming. The colorimetric methods of Scharrer
et al. and Josefsson® are limited to seed meal only and not
applicable to the whole mustard seed which contains oil and
colouring matter. Further, the instability of the red ferric
thiocyanate in the presence of light is well known and also
the intensity of the colour is dependent on the ferric con-
centration.” Therefore, there is a need for a quick and a
reliable method for the estimation of p-hydroxybenzy! isothio-
cyanate in the products of white mustard. The present
method is based on the determination of p-hydroxybenzyl
isothiocyanate iodometrically. The isothiocyanate is reacted
with sodium hydroxide to give sodium thiocyanate® (Eqn. 2)

HO~{__—CHa N=C*S + NaOH—= HO ~_ CHa0H + NaSCN... L Eqn. 2}

p-hydroxybenzyl isothiocyanate p-hydroxybenzyl ailcoho!

which is determined by Schulek’s method.? According to
this method, thiocyanate reacts quantitatively with bromine
to form cyanogen bromide (Eqn. 3). The cyanogen bromide
is then allowed to react with potassium iodide to liberate
iodine (Eqn. 4) which is titrated against standard sodium
thiosulphate solution (Eqn. 5). The reactions involved are
represented below:

SCN- + 4 Br; + 4 HsO - CNBr + 7Br~ + SO~ + 8 H*

«...{(Eqgn.3)
CNBr + 2I- - CN- 4 Br— + I
«+..(Eqn. 4
Is + 2Na3:S303; — NasS40s + 2 Nal
«+..(Eqn. 5)

The overall reaction shows that one mole of p-hydroxybenzy
isothiocyanate consumes two moles of sodium thiosulphate.
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Experimental
Reagents and materials
Sodium hydroxide solution
An approximately I N solution was prepared by dissolving
4 g of sodium hydroxide ( pro analysi, E. Merck) in 100 ml of
distilled water.

Trichloroacetic acid
A 10% aqueous solution (w/v) of trichloroacetic acid
(E. Merck) was prepared.

Liquid bromine
A.R. quality was used.

Ferrous ammonium sulphate crystals
(A.R.).

Orthophosphoric acid solution
1 vol. of 88 %, orthophosphoric acid (Laboratory chemical)
was diluted with 3 vol. of water.

Potassium iodide (pro analysi, E. Merck).

Sodium thiosulphate
0-025N.

White mustard seed

A sample available in the local market was finely ground
and used. A Swedish variecty of white mustard, kindly
supplied by Dr. E. Josefsson, Swedish Seed Association,
Svalof, Sweden, was also used.

Mixed mustard flour

This was prepared by mixing white (Swedish) and black
(Indian) mustard powders in different proportions as shown
in Table I1I.

Sinalbin

The pure compound, isolated from the white mustard, was
obtained as a gift sample by the courtesy of Prof. Kjaer,
Copenhagen.

Enzyme myrosin

This was prepared according to the procedure described by
Appelqvist & Josefsson.}® A 0-5% solution of this was
prepared in water.

Estimation of sinalbin
An accurately weighed quantity of sinalbin (100-200 mg)
was transferred into a 100 ml Erlenmeyer flask. About 10 m!
of myrosinase solution were added to the flask followed by the
addition of 30 ml of hot water (65°C). The mixture was kept
on a water-bath maintaining the temperature of the solution
‘at 65°c for about 1 h. [t was cooled for 15 min and 10 m] of
sodium hydroxide solution were added to this and shaken well.
After 10 min the mixture was acidified using trichloroacetic
acid bringing the pH to around 4-5 and the solution filtered
through a filter paper. The filtrate was reacted with the
vapours of bromine in a fume cupboard till the solution
" turned a light yellow colour, stable for at least 5§ min. In
. order to remove the excess bromine, a few crystals of ferrous
ammonium sulphate were added to this till the disappearance
of the yellow colour. It was made acidic by the addition of
5 ml of phosphoric acid solution. About 2 g of potassium
iodide crystals and then a little sodium hydrogen carbonate

were added to this and stoppered. It was shaken well and

kept in darkness for about 5 min. The liberated iodine wasthen
titrated against standard sodium thiosulphate solution using
freshly prepared starch as the indicator. The amount of
sinalbin was calculated from the titre using the factor:

1 ml of N-sodium thuosulphate = 0:4128 g of sinalbin,
The results of analysis are given in Table I,

Determination of p-bydroxybenzyl isothiocyanste in whlte
mustard seed and mixed mustard flour

Weighed quantities (2-5 g) of the powdered white mustard
and mixed mustard flour were transferred into two different
Erlenmeyer flasks. About 30 ml of hot water (65°C) were
added to each of these and the mixture was kept on a water-
bath, maintaining the temperature of the solution at 65°¢ for
about | h. The p-hydroxybenzyl isothiocyanate liberated was
determined by the procedure as described above.

The p-hydroxybenzyl isothiocyanate was calculated using
the factor:

1 ml of N-sodium thiosulphate = 0-0825 g of p—hydroxy-
benzyl isothiocyanate. The results of analysis are given in
Tables II and III.

TabLE I
Results of analysis of sinalbin
Sample Sinalbni; taken Sinalbin found
mg %
1 100 : 97 97-00
2 . 150 143 95-32
3 175 170 97-14
4 200 196 98-00
TasLe I1
Results of analysis of white mustard
Woight of p-Hydroxybenzyl
Sample . white isothiocyanate
oo Variety mustard found
g taken
8 8 7%
1 Loca] 2-:04 00241 1-18
(Indian) 2:09 0-0226 1-08
3-01 0-0361 1-20
3-05 0-0366 1-20
3-51 0-0428 1-21
2 Swedish 1-51 0-0515 3-41
1-54 0-0524 3-40
2-01 0-0683 3-39
2-03 0-0686 3-38
2-54 0-0858 3-38
Tamix I
Results of analysis of mixed mustard flour
. p-Hydroxybenzy!
Flour composition isothiocyanate
Sample Swedish Indian
no. white black found Expected
mustard mustard P %
% %
1 100 0 3-22 3-22
3-24 3-22
3-27 32
317 3-22 .
2 71 29 2-24 2-28
2:20 2-28
3 63 37 1-97 2:02
: 2:00 2:02
4 55 45 1-74 1-77
1-72 1-77
5 50 50 1-64 1-61
1:65 1-61
6 45 38 1-40 1-4
1:40 1-44
7 29 ¥)! 0:94 0-93
0-93 0:93
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Discussion

It can be seen from Tables I, Il and LIl that the sinalbin
und p-hydroxybenzyl isothiocyunate can be determined with
a high degree of accuracy.

In Terry & Corran’s method, the total sulphate released
from sinigrin and sinalbin had been estimated first. Later,
the allyl isothiocyanate in the mixture is determined by the
argentometric method and the amount of sinigrin calculated.
The theoretical sulphate contribution by sinigrin is calculated
and deducted from the total sulphate content. The difference
is then taken as the sulphate contribution by sinalbin. Thus,
in an indirect way sinigrin and sinalbin in the mixed flour have
been computed. Whereas the present method is specific for
the p-hydroxybenzyl isothiocyanate unlike the gravimetric?
and volumetric* methods. The allyl and p-hydroxybenzyl
isothiocyanates in the mixed flour can be directly determined
by the piperidine!! (or argentometric method) and the present
method respectively. :

The use of phosphoric acid in the present method has two
advantages. Since this acid is a weak acid the cyanogen
bromide formed is stable in the solution. Second, it
combines with the yellow ferric ions forming ferric phosphate
rendering the reaction mixture white and clear, thus facilitat-
ing an easy detection in the end point of the titration.

The study shows that the local variety of white mustard
contains about 1:29; whereas the Swedish variety contains
about 3-49% of p-hydroxybenzyl isothiocyanate. According
to Terry & Corran 3 the values of the percentage of the p-
hydroxybenzyl isothiocyanate in the different varicties of
white mustard range between 3:0-3:7.  [n view of the wide
variation in the content of the p-hydroxybenzyl isothiocyanate
in the different varicties of white mustard it may not be

J. Scl. Fd Agric., 1971, Vol. 22, October

feasible to deduce exactly the percentage of white mustard in
a given blend of the flour. On the other hand, if the variety
and the variation in p-hydroxybenzy! isothiocyanate is known
it may be possible to get a close picture of the white mustard
content in the flour. It is tempting to suggest that the local
variety of white mustard seems to be a promising one for
plant breeding experiments to evolve varieties with low content
of sinalbin.
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White mustard is an important spice used
i food flavourings. T'he condimental value
of this spice is due to the p-hydroxybenzyl
isothiocyanate which is abtained as a result
of enzymic hydrolysis'' (Iiq. 1) of the naturally
occurring thioglucosinolate (Sinulbin) present
in it.  Terry and Corran® have reported a
value of 15~18% sinalbin in white mustard.
In recent years the white mustard has been
found to be a valuable source o juotein
meal”™ and edible oil. Since the p-hvdroxy-
benzyl isothiocvanate is toxic” and harmful
in larger concentrations, the protein meal has
found a Himited use as u feed. Howuver, work
is in progress in evolving a variety of sinalbin-
free white mustard® and in the detoxification
ol the protein meal.  Recently, Josefsson™™
has reviewed the various analytical mclbo(ls
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Note
RAGHAVAN
India
of estimation  of  p-hydroxybenzyl  isothio-

cyanate and  pointed  out their merits and
demerits.  Ahthough the colorimetric method
of Josefsson® is applicable to the sced meal
of white mustard it was, huwever, found not
applicable o the whole seeds. Since the p-
hydroxybenzyl isothiocyanate is not steam
distillable, the methods used for the deter-
mination of allyl isothiocyanate in black
mustard are not applicable for the white
mustard. Tt wus, therefore, thought that the
vulumetric procedure developed tor the estima-
tion of allyl isothiocvanate™ in black mustard
could suitably be inodified for the determini-
tion of p-hvdroxvbenzyl  isothiocyanate in
white mustard,  In the present method the
p-hydroxybenzyl isothiocy aniite is-reacted with
piperidine to form g-hydroxybenzyl piperidsl
thiourea (Fq. 2. 'The excess unrencted piperi
dine is back tivated using standard sutphuric
acid (Fqg. 3 and the amount of p-hvdroxy -
benzyl isothiocvanate calcvlated. 'This method
is simpler and compares favourably with the
iodometric method.”

ENXPERINENTAL
Reagents and materials.  Standard sulphuiic acid
solution (0,05 N) was prepared using AL R, sulphwic
acid il distitled water,

1) KN Chikkaputtiah, ML Shankiranarayana
and GO Natavagan, The Fhinvour Industes . in press,

9 B Raghavan, ML Shankamnarayvana, S
Nagatahstoni  and o), Nittavajau, U npublinhed
resulty.
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riard seed. A Swedish variety of white mus- _
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valof, Sweden and a variety purthased’ .
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cont market were finely ground and used.
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©cte tenperature of the solution WH maln-f
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_ using the l"n"uv\mg rqunhbn
iperiding = 0.165 g of p-hudroxybmz» A‘imh-ogqu:
The results of, _analysis are gwew Tiple l. ln- :

- tabletard - 1lm included the

. of the reaction, The mixture WAC
rered tireagn ac filter paper and the filtrate containe =
iyt ey un#v-ar.trd piperidine was determined -
b tnrusing wgainy the siandard sulphiric acid silue E'fi(hdomt tric method® swhich ha;
Lon muy the mived indicator till the appearance of nf rompanson

o Calour, oA blank wsing Lhe sime guantity X

m " hw" musl e’ auﬂ Mrhimﬁﬂ.lm addlﬂan nl' pipvma
(Iihr i

fil

’.l that the piperidine x;nethod compar¢
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well the iodometric method. The advantage
of the present method over all the existing
methods is that the method is quick and
specific for the p-hydroxybenzyl isothiocyanate.
Ammonia and aliphatic amines react with
isothiocyanate very slowly whereas a cyclic
base like piperidine reacts quickly and quan-

[

titatively. In addition the piperidine solution
has a good stability.
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2,3e {iilupical Activity of Isothiocyanates

The isothiocyanates display 2 ranre of pharmacelopical charac—
oo n sdden are 3t 10 teing exploited in tedayts therapy. Thus,
170 o tnineyanate is used in the form of a mustard poultice as a
remad e rheamatisng rodish and watercress are used ns bile stimulators,

’vn stolien Cv Oehmidt and Meraquardt (87) as well as those of
ceswer 10Y provide evidence for the bacteriestatic and antimycotic
“uthli cJ iscothiocyanstes; thus, certain isothioccynnates can be used
with co. 1 results apninst gronnd rarasites (e.g. funci,),

Many animal feeds contain glwsoside oils of mustardy when
trene e splil by enzymotic action, isothiocyanates are produced which
cyn be velsonoss to animals, Findings on the constituent contents of

such feweds are given be Kiae» et a1 (35),

However, the meet importurt rele nlayed by the isothio-
cyarates ig in homan nutrition. ‘'hny spices and varieties of vepeto-
Slas dorive their characteristic oder and taste from the isothiocyanates
and the oo break town products, These have been demonstrited to produce
certsin chysiolopical offects as well,

L w erticned esrlier, smen;; the intermediate products
srisins from certq* ethdeeyanates are cvelic compeounds which
exhitlt ‘truns anti-thyreid,action, T‘ug, rhodanide (thiccyanide),
which aceording to Virtanen (82,%1) arises from the hydrelysis by p=HBI
S0 two hypethet tanl isothfocranates, p:‘ﬁdumw A digturtanae in the
Tormatioa o b Apveold hormones by inhibitine the i(\l Lion procnncen,
foomE o bl coome e e Hus aa ébl(u' (77,71,9 Yo Rhe=
danides (it ioeyonides ) also act to depress Ulood proqsuro (72)s)

The possihility vhetner millk from covs fed vilh plants of the
Prageics veriety can, because of the thiocyanide content cf the plants,
vork goitrogenically on man has been denied by the studies of Virtanen
et 2l (‘Q —33‘(73)0

is earlier menticned, the w rk cited above (Virtanen 82,&3)
occupind itself with the study of the production and stabilitv of
p-HET in table mustard., These studies found no p-HBI in table mus-
tord 2liowed to stand for a one to two-wesk period, The breakdown
prodfvets apmarently contributed scareely anything to the taste,

The p roinets formed by the zction of r-lRI, p-hydoxybenzylalcohcl
and thiccvanide (from 1 p white seed mustard 7-8 mg SCN are produced)
te be sure have anti-thyreid effects (72,91,92); however, in the
normal consumption of toble mustard, no harmful amounts are ingested,



The use of white seed mustard (3inepis alba L,) in table
mustard causes no lasting niquancy in the mustard since the p-HBEI
carmot. he stabilized because of its labile character, Technically
“herefore, the white sced mustard serves in table mustard only as a
thickening agent,

Tre preseace of Sinapis alba L in table mustard can be
conclusively denonstrated by the thinefilm-chromatograrhic evidence
o pohvdroxvberiylalebhel (X), and quantitative analysis for thiceyan-
.ies permits us to calevlate the original amount of Sinapis alba L,

1 tre table mustard,
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1. EINLEITUNG

Das Samenmehl des weissen Senfs (Sinapis alba L.) bildet neben dem des
schwarzen Senfs (Brassica nigra K.) und dem des Sarepta-Senfs (Brassica juncea
Cz & C) einen der wichtigsien Bestandteile des Tafelsenfs,

Die Schiirfe des Tafelsenfs rihrt von den Isethiocyaraten oder Senfblen her,
die in den Pflanzen als Senfolglucoside vorliegen und wihrend der Senfbereitung von
der in den gleichen Pflanzen vorhuandenen Myrosinzse enzymatisch freigesetzt werden.

Das Samenmehl von Sinapis alba L. wird hauptsédchlich deshalh zur Senfher-
stellung herangezogen, weil dessen nichtflichtizes Iscibhiocyanat, neben dem fliich-
tigen Allylisothiocyanat von Brassica nigra K., dons Tafelsenf eincn nachhaltend
brenreunden Geschniack verleiht und camit den Wiirzeffekt erhiht.

In der Techaologiv der Senfherstellung bedient wan sich auch heute noch mei-
stens (raditionelior Rezepte, ohne dass deren Grundlage je qualdilativ und quantitativ
untersucht wurde.

Dus Senfolglucosid des Simens von Sinapis alba L. wurde «var schon von
Robiguet und Boutron (1) 1831 kristallin erhalten, das daravs enzymatisch
gebildete Lsothiocyanat konmte jedoch noch nie in analytisch reiner ¥Form isoliert
werden. Es wurde vorn Salkowski (2), Schneider (3), Kjuer und Rubin-
stein (4) anhand der Reaktionen des zugehdrigen Senfélplucosids und mit Hilfe von
Thiobarnstofiderivaten des Isothiocyanats eindeutig als p- Hydroxylenzyl-isothiocya-
nat (i folgenden ads p- HBI alyekirzt) erkannt. Die ldentifizierung kunnte jedoch
nie durch Syathese des reinen p - I31 bestiitigt noch konnten seine Eigenschalten
exikt untersucht werden. Es ist lediglich klar geworden, dass das p-HBI cinen
dusserst labilen Charakter besttzen muss, der durch seine leichte Oxydier- und
Polymerisierbarkeit erkliirt wurde. Die Zersetzungsprodukie sind aber nicht unter-
sucht worden.

Die fiir die Seafbereitung wichtigen Fragen der Entstehungsweise und Stabili-
tat des p~-HBI blicben ebenfalls bis anhin ungekliist,

Der Zweck der vorliegenden Arbieit bestand deshalb darin, das p-HBI synthe-
tisch zu gewinnen, aus fermentiertem Samen von Sinanis alba L. (alle folgenden An-
gaben Fber Samen oder Samenmehl beziehen sich auf Sinapis alba L.) zu tsolieren,
seine Eigenschaften zu untersuchen und die Wirkung der wichtigsten inhaltsstoffe dos
Samens auf die Entstehung und Stabilitdt von p-1{Bl zu studieren.

Die ldentitiit des synthetischen p-HDI mit dem aus der enzymatisch abgebauten
Smenmehl isolicrten sollte den endgliltigen Bewceis der Struktur der Muttersubstai.z
dieses Isothiocyanats liefern.
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. THHORLETISCHER TEIL

21. Synthesc von p-Hydroxybenzyl-isothiocyanat

211, Literatur der Isothiocyanatsynthesen

Fir die Darstellung von Isothiocyanaten cxisticren zahlreiche Methoden mit
teilweise ausgezeichuetcn Ausbeuten (5, 6).

Aus den Alkylhaloreniden und Metallrhodanidon erhiilt man durch thermische
Umlagerung der intermedidir gebildeten Alkylrhodanide glatt die Alkylisothiocyanate.

Dest.
150°

R - X 2%+ [R - sCN -~ R - NCS

Nach elner amerikanischen Patentschrift (7) kann das Alylisothiocyanat, das
Senftl des Samens vou Brassica iigra K., sogar dguch Erhitzen von Allylchlorid,
Natriwmeyanid und Schwefel in Mcthanol dirckt hergestelit werden.

= 1 — . B S v -0 J_, L -
CH, = CHCH, Cl + NaCN 4 8 [CI.Z-CHCH2 o(,I\J CH2>CHCHz NCS

Fir die Synthesen von Arylisothiocvanaten inuss man in den meisten Fiillen
von den entsprechenden Aminen auspehen.

Mit Thiophosgen werden sowohl dic alipathischen wie auch die aromatischen
primiren Amine nach Rathke (8), Dyson und Guorge (9,10,11) seit langem
mit Erfolg direkt zu lsothiocyanaten umgesetzt.

e
R - NH, + CL,CS ~HCO m - nw - cs - 0] +me
R- NI, !
R-NH-CS-NHR «———% R-N = C = 8 + HCI

Da die Ausbueuie 6fters durch die Bildung von symetrischen Thioharnstoifen
aus den gebildeten Isethiocyanaten niit den freien Aminen vermindert wird, geht man
am besten von den Aminsalrzen aus. Die Umsetzungen werden immer im wissrigen
alkalischen Milieu dwichgefiihre, wenn das Isothioeyanat nicht wasser- und alkali-
empfindlich ist, gibt die Thiophozgenmcethode cine gute Ausbeute.

vor kurzem wurde eine interessante Isothiocyanatsynthese von Staab und
Walther (12} beschrieben, die aus primiiren aliphatischen und aronatischen
Aminen mit NN' - Thiocarbonyl-di-imidazol in dquimolurer Mischung Imidazol und

Isothiocyanat erhielien.



hDN’?L'qu Rj_"“- N[:._:/chs S [;W + R-NCS

-Imidazol “NH-R

Dus Isothiocyanat konnte durch Destillation oder durch Extraktion mit Beozin
oder Tetrachlorkohlenstoft, in denen Imidazo!l unldslich ist, abgelreant werden, Die
Reaktion wurde immer in vollkommen wasserfretem Chloroforn durchgefiibrt,

Die prundren Amine werden mit Schwefclkohlenstofi und Alkalihvdroxyd oder
Arymoniak bfters zuerst in die Salze der cntsprechenden Ditpiocarbaminsivren ubher-
gefiiirt, welche nach verschiedenen Metheden in Isoihlocyanaie pespalten werden
konnen.

Iiinfache Arylisothiocyanate werden aus Dithiocarbaminaten nach Hofmann
(i3} durch Evbitzen niit Mectallsalzen erhalten (14). Nach ciner ebenfalls von Hof-
mann (19) stammenden Modifikation konnen die dithiocarvaminsauren Salze it
Jod zersetzt werden. Dithioca rhaminat ergibt aber avch durch Oxydation it Jod
Thiaremdisulfid, das nach Braun und Deutsch (16) it Natriwmithylat- und
weilerer Jodbehandiung unter voriibergehender Bildung eines unbestindigen wykli-
schen Sulfids ein Gemisch von Schwefel und Isothiocyanaten diefert, Schmidt et al.
(17,318) oxydierten die Dithiocarbaminaten mit Natriumhypochlorit oder Natrium-
chdurit 7u Isothiocyanalen.

Fiir die Herstellung aromatischer Isithioeyanate bewiihrte sich hauptsdcehdich
die Retide vou Sloutta und Diressler {19), nach do1 Phosgen mit inthiocarba-

winaton in wasserfreicm Benzol ohne stérende Nebens eabtiopen leothioeyanate gabt,
: qu® ] e v . .
H-NH-C85 Nily N (__lzl: O, R-NC-5 oy HCL ¢ N con

Dic Reaktion verlduft schon bei 0 Grad fasl quantitativ. Das Aminoniumchlorid
wird abgenutscht, Chlorwasserstoff und Kohlenoxysulfid entweichen beins Finenped
der Beuzolldsung, worauf das Isothiocyanit durch fraktionicrte Destillation oder
Kristallisation rein erhalten wird. Dicse Synthesc ist besonders fiir dic Darstellung
von phenolischen Isothiceyanaten geeignet, da Slotta und Dress ler (19) das
p-Hydroxyphenyl-isothiocyanat nur it dicser Methode rein erhalten konuten. Dyson
und George (9) bekamen mit der Thiophosyenmethode nur schmutzige dlige Um-
setzungsprodukte, wihrend sdmtliche anderen Isothiocyanatsynthesen versagten.

Dithiocarbaminaten geben nach Andreasch (20), Kaluza (21) und
Nigele (22) mit Chlurzimgb‘cnsiiurws\er Isothiocyanate in guter Ausbeute. Ob-
wohl dic Reaktion gerade in der aromatischen Reihe entdeckt wurde (23), ist sic dort
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weistens niclt brauchbar, da sic zurn grossten Tell symetrische Thicharnsloffe
licfert. Von Moore (24) sowie van der Kerk, Pluygers und de Vries
(25) wurden verschiedene Modifikaticnen der Andreasch-Kaluza-Methode beschrie-
ben, nach denen mian auch aromatische Isothiocyanate erhalten sollte.

Bel aromatischen Aminen, deren basischer Charakier zu schwach ist, bereitet
dic Herstellung von Dithiocarbaminaten Schwierigkeiten, da das Gleichgewicht in
Richtung der symetrischen Diaryithicharnstoffe verschoben ist. Aromatische Amine
ergeben mit Schwefelkohlenstoff allein letcht Diarylthioharnstoffe, die nach der alten
Methode von Hofmann (26) oder nach Bly, Perkins und Lewis (27) mit
heissen Mineralsfiuren In aromatische Isolhiocyanate und in Aminsalze iiberfihrt
werden ktnnen. Ebenso kann man die Monwarylthioharnstoffe durch Erhitzen in einem
geelgneten Lésungsmittel in Isothiocyanate und Ammoniak aufspalten (28).

212, Friihere Syntheseversuche von p-Hydroxybenzyl-igothiocyanat

Obwohl, wie erwihnt, viele Mbglichkeiten zur Darstellung von Isothiocyanaten
bestehen, fiihren bei phenolischen Isothiocyanaten die meisten nicht zum Erfolg. Die
bisherigen Darstellungsversuche des p~HBI zeigen dies ebenfalls.

Salkowski (2) war 1889 der erste, der versuchle, das Senfél durch Zer-
setzung des entsprechenden Dithiocurbaminats (VII) mit Quecksilberchlorid in reiner
Form zu erhalten. Er setzte deshalb p-Hydroxybenzylamin (IV) in Alkohol niit
Schwelelkohlenstolf um. Das in geringer Menge entstandene Dithiocarbaminat (VII)
erhitzte er in wissriger oder alkoholischer Quecksilberchloridldsung, um das p-HB1
#u erhalten. Mit Aether extrahierte rr aus der whssrigen Lbsung eine 8lige Substanz,
welche sehr scharf schmeckte, Da er das Rohdl durch W;a::scra;xmpfdcslul;llinn nicht
reinigen konnte, verzichtete er auf die Relndarsiellung des Senféls und gab fir die
Substanz weder Analyse noch sonstige Eigenschaften bekunnt.

In neuerer Zeit versuchie auch André (29) erfolplos p-HBI herzustellen
und vermutete, dass das Senfbl Husserst temperaturempfindlich und an der Luft oxy-
dierbar sei. Auch den p-Hydroxybenzylthioharnstoff konnte er aus dem Senftl nicht
erhalten.

Kjaer und Rubinstein (4) filbrten zahlreiche Vorversuche aus, um die
Muglichkeit der Reindarstellung des Senfdls zu studieren. Die Hofmann'schen
Synthesen (15), dic modifizierie Andreasch-Kaluza- Synthese (20,21, 22) und
verschiedene Varianten der Dysonsmethode (10,11) lieferten alle unverarbeit-
bare gummiartige Produkte polymerer Natur, aus denen sie mit Aminen keine Thio-
harnstoffderivate herstellen konnten.
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Lediglich aus p- Hydroxybenzylamin (IV) und Thiophosgen in einem alkilischen
Acther-Wasser-Gemisch xonnten sie etwas p-HBI in der Actherphase darstellen.
Ohne dieses 7u isolieren, identilizierten sie das Senfol als N-p-Hydroxybenzyl-N'-
phenylthiulmrnstoﬂ-Derivat (IX), das sic eilnerseits aus der Aetherphase mit Anilin
und andererseits aus p-Hydroxybenzylamin (IV) mit Phenylisothiocyanat erhielten.

Nachdem schon Will und Laubenheimer (30) zeigten, dass p- H8I in
stark alkalischem Milieu vicl Khodanid bildet, niusste sicherlich bei den Versuchen
von Kjacr und Rubinstein (4) in der Actherphase nur noch ganz wenig Senfs!
neben seinen Zersetzungsproduklen vorlicgen, wodurch die Isolierung von reinem
Senfdl sehr erschwert wiirde. Auch Kjaer und Rubinstein (4) machten dic
ausserordentliche Labilitat fir dic bisherigen Misserfolge in der Isolicrung des
reinen Senféls verantwortlich.

In Anbetracht der Reaktionsirigheit der Isothiocyanate, ist unsercer Auffassung
nach nicht zu befiicehten, dass eine Addition der Phenolgruppe an die Isothiocyanat-
gruppe bei Zlinmerlemperatur eintritt, diese kommt nur nach Langem Kochen des
Reuktionspemisches zustande (). Das reine p- Hydroxyphenyl- isothiocyanul ge-
sttlliert bel 165-1700/10 Torr chne Zerselzung, cin weiterer Hinweis wie wenig man
mit intermolekularen Kondensutionen bet phenolischen Isothiocyanaten recimen auss.

Es erscheint dagegen vicl wahrscheinlicher, dass die Wasser- und vor allen
Dingen die Alkaliemplindlichkeit des p-HBI fir das Scheitern der bisheripen Synthe-
ceversuche verantwortlich ist,

Aus diesen Ueberlegungen erschienen die Methoden von Slotta und Dress-
ler (19) und von Staab und Walther (12) am aussichtsreichsten, donn hier
erfolgt die Bildung der aromatischen Senfdle in vollkommen inerten Lbsungsumitteln

unter Ausschluss von Feuchligkeit und Luft,

213. Darstellung von p- Hydraxybenzyl-isothiocyanat

Um die Methode von Slotta und Dressler (19) zu prifen, wurden Anilin,
Benzylamin, p-Anisidin und p-Aminophenol iiber ihre Ammonium-dithiocarbaminate
it Phospen zu Phenyl-, Benzyl-, p-Methoxyphenyl- und p- Hydroxyphenyl-isothio-
cyanaten umgesetzt, Diese einfachen Isothiocyanate sollten spiter auch fiir die Duar-
stellung von Thiokarnstoffderivaten und fir didunschichtchromatographische Untersu-
chungen dienen.

Anilin, Benzylamin und p-Aunisidin erguben die Ammonium-dithicearhaiminate
glatt sowohl mil wissrigenm Ammoniak als auch in wasserfreiem Toluol 1t trockenemn
Ammoniak. Hingegen konnte Amimonium-p-hydroxyphenyl-dithiocarbaminat nur mit
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cinem Zehntel der von Slottz und Dressler (18) angegebenen Menge konzen-
triertem Ammontak in kristalliner Form erhalten werden.

Die Reinheit der Ammonium-dithtocarbaminate wurde durch eine Ammoniak-
bestimmung ermitielt. Die durchwegs 98 -~ 99 % reinen trockenen Anmmontumsaize
lieferten mit Phosgen vorschriftsmissig die Isothiocyanate.

Das p- Methoxyphenyl-isothiocyanal wurde nach der Destillation als eine weisse
kristallinische Masse erhalien, Smp. 20 - 21°%¢.

Das p-Hydroxybenzyl-tsothiocyanat erstarrte nach der Destillation eberdalls
zu einer kristallinen Masse und konite aus Petrolither umkristallisiert werden. Uie
Kristalle waren iin Gegensatz zu den Angaben von Slotta und Dressier (19)
vollkoiumen farblose Nadeln, Smp. 49 - 50° C.

Bei einem zweiten Ansatz wurde p- Hydraxyphenyl-isothiocyanat direkt aus der
cingeengten benzollbsung, ohne vorherige Destillation, durch Aufl8sen und Umkri-
stallisteren in Petrcliither erhalten.

Umn die Eignung der Jsothiocyanatsynthese von Staab und Walther (32)
fiir phenolische Isothiocyanate zu untvréuchen, wurde das p- Aniinophenol niit NN -
Thiocarbonyl-di-imidazol (V) umpgesetzt. V kannnach Staab und Walther (12)
auch mit Phenolen reagieren, deshalb findet man neben dem Isothiveyanat auch Neber-
produkte, wie das Dilnnschichichromatogramm des Rohproduktes zeigle. Das p-Hydro-
xyphenyl-isothiocyanat konnte von denr Nebenprodukten nur schwer abgetrerit werden.
Aus dem Petrollither erhlelt man sehilesslich ein farbloses kristullines Produkt,
Smp. 47 - 48° C, Ausbeute h1 %,

Das UV-8pektrum {Fig. 1) von p- Hydroxyphenyi-isothiocyanal vwurde In n-Hep-
tan aufgenommen und zeigt charakteristische Masima Lot 228 mp (lug € 4, 395),

274 mp (log £ 4,161) und 283 np (log € 4,155).

Das IR-Spektrum (Fig. 2) von p-Hydroxyphenyl-isothincyanat als Kaliumbro-
midpressling ergibt die intensive fiir Isothivcyanate charakieristische Bande Lei
2120 cm_1 (32) und eine intensive Bande bel 1505 em™~, welche nuch Pestemer
und Lauerer (33) durch Addition von Lewis-Basen bzw. -Sduren an Isothiocyanate
herriihren soll.

Im Gegensatz zu den Angaben von Slotta und Dressler (19) st p-Hydro-
xyphenyl-isothiocyanat in Aether schr gut, in Alkohol und Benzol weniger gut 16slich.

Aus dem p-Hydroxyphenyl-isothiocyanit wurde mit Ammonizk der p-Hydroxy-
phenyl-thioharnstoff dargestellt, Ausheute 78 %, Smp. 216° C. Das - Spektrum
des Thicharnstoffderivades (Fig., 3) wurde als Kidiumbromidpressling aufgenomnmen
und zelgt, dass die intensive Bande bet 2120 t:nfl nieht mehr vortuunden ist.
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Die erfolgreiche Herstellung des p—Hydroxyphenyl-isothlocymats nach beiden
Methoden, berechtigten zur Hoffnung, dass auf einem der beiden Wege auch das
p—l{ydroxybenzylamin (IV) in p-HEI libergefiihrt werden kann. Da p-Hydroxybenzyl-
amin (IV) im Handel nicht erhiltlich ist, musste von p-Hydroxybenzaldehyd (D aus-
gegangen werden. (Reaktionsschema Seite 16)

p-Hydraxybenzaldehyd (I) wurde mit Hydroxylamin-hydrochlorid in p-Hydroxy-
benzaldaxim (II) iiberfiihrt. Fir die katalytische Hydrierung des Oxims (II) nach
Ott und Zimmermann (34) stand eine Vorschrift von Kjaer und Rubinstein
{4) zur Verfiigung, Wihrend diese bei der Hydrierung mit Adam's Katalysator 1%
Ausbeute erhielten, konnten, wie Tabelle I zelgt, durch 5 %~ige Pd-Kohle schnellere
und ausglebigere Rydrierungen erzielt werden.

Tabelle It Hydrierung von p- Hydroxybenzyldoxim (1)

Oxim (II) Katalysator Hg-Auf nahme Hydrochlorid (Iﬁ)
Menge Typ Menge Mcnsze Zeit Menge Ausbeute
{e (mg] (L) (min]} (8 )
7,5 PAO (Fluka) 300 2,85 180 8, 9% 79,5
7,5 PdO (Fluka) 300 2,7 180 8,37 13,0
1,5 Pd-Kohie 10 &%, 750 2,94 82 7,51 86,0
1,5 Pd-Kohle 5% 1750 2,85 101 8, 00 92,0
15,0 Pd-Kohle 5% 1750 5, 80 196 12,56 72,0

Aus dem p-Hydraxybenzylamin (IV) versuchten wir das p-HBI einerseits via
Ammonium-p-hydroxybenzyl- dithiocarbaminat {vI) und andererseits durch Reaktion
mit NN'-Thiocarbonyl-di-imidazol (V) darzustellen.

p-Hydroxybenzylamin (IV) 16st sich nicht in Benzol odes Toluol. Deshalb war
man gezwungen, das Ammonium-p- hydroxybenzyl-dithiorarbaminat (vIl) entweder
in methanolisch-wissriger Ammoniakldsung oder in wasserfreier Methanol-Aether-
Lésung mit trockenem Ammoniak herzustellen. Beide Mdglichkeiten wurden unter-
sucht. Aus der Methinol-Wasser-Ldsung schied sich VII durch Zugabe von Aether
in 71 - 73 %-iger Ausbeute aus. Dagegen nusste die wasserireie Methanol-Aether-
L8sung zuerst eingedampft werden, um das reine Ammoniumsalz (VII) aus dem Roh-
produkt durch Umkristallisteren aus Aethanol- Aether niit 44 %-iger Ausbeute erhal-
ten zu kénnen.
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Die Synthese von p- BB pustaltete sich gemliss nachfolgendem Realtionsschema,
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Ammoniun-p-hydroxyhenayl: dithiocarbarniipt (V) wurde zuerst wic beim
Arn on‘mx:\—p~hydr‘0xypneny!-dithif,,(:urb'.m;inat, Let 507 ¢ Drosyen amgesetzt.
Nachdem der benzolunléslicic Teil abgeputseht, die Lenzolliisung schonend einge-
dampil und das p- HBI mni: warmem Petroliither aufgelést wurde, kristallisierte das
p- HBL aus der etngeengten Potroldtherldsung in langen farblosci. Nadeln aus. Die
Wristalle schimolzen bei 36 - 38° ¢ unscharf. Dic Ausbeute war mit 10,4 ‘p sehr ge-
ring, bezogen auf das Ammomumsalz (VII) (7,0 % bezogen auf p- Hydroxyhenzyl-
amin (IV) ).

Die Umsetzung bei Zimiertemperatur (200 ) ergab fast dieselbe Ausbeute,
hingegen verlief sie bei v° ¢ unter Stickstoffatmosphiire und lingerer Reaktionszeit
ctwas gilnstiger, Ausbeute 14,2 %, bezogen auf VII respektive 10,3 % bezogen auf
1v. Die ntedrigen Ausbeunten stammen offenbar nicht von Einflilssen der Reaktions-
tcwnperatur oder der Oxydation dus p- HBI.

Alle weiteren Versuche zur Erhohung der Ausbeute verlefen crgebnislos.

Es fiel auf, dass bei allen Umselzungen der benzolunldsliche Teil erheblich
mehr betrug als man aus den theoretischen Mengen des gebildeten Ammoniumchlorids
erwartel hiitte. ‘Aus einer Unisetzung von 3 g (VII) wurden 0, 23 g (10,6 %) p-HBL
und 2,6 g benzolunldsliche Substanz erhalten. Letztere wurde mit Benzol gewaschew,
20 Stunden geirocknet und nachher quantitativ untersucht., Nur 0,886 ¢ waren wasser-
ibslich, wihrend 1,614 g einer wasscerunloslichen, weissen amorphen Substanz mit
einem Schmelzpunkt von 80 - 90° ¢ erhalten wurden. Der wasserldsliche Teil be-
stand aus 0,74 g Ammoniumehlorid, und enthielt kein Ammonium-p-hydroxybenryl-
dithfoearbaminat (VII) mehr. Theoretisch sollten aus 3 g (vH) 1,56 g fliichtige
oder benzollbsliche Substuanz entstehen (0,5 g Chlurwasscrstoff, 0,83 g Kohleavay:
sullid und @, 23 ¢ p-HBN. Demnach sollte 1,44 ; benzolunlisliche Substanz zuriich-
bleihen, wovon 0,74 g (Amunoniumchlorid) wasscridslich setn sollte. Benzol- und
wasserunldslich wiren 0,7 g, gefunden wurden aber 1,634 g. Nach dicser thenieti-
schen Bercchnung kann man aussagen, dass dic Reaktion vou Ammonium-p-hydreqy -
benayl-dithiocarbaminat (VID mit Phosgen offenbiar lutuptsichlich durch Einbau von
Phusgen unter Bildung eines Polyineren, Chlorwasserstoff, Amymoniumchlorid und
nur ganz wenig p~-HBI und Kohlenoxysulfid verliuft.

Die Umsctzung von p- Hydroxybenzylamin (1V) u.it NN'-Thiocarbonyl-di-tinida-
zol (V) liefert zway p-HBI, wie diinnschichtchromatographisch nachgewiesen werden
kann, doch konnte das Isothiocyunat aus den Sligen Nebenprodukten nicht rein {solicrt
werden. .

Die Umsetzung von VII mit Phosgen bei 0% ¢ war daher die einzige Mecthode,
welche die Herstellung einer grésseren Menge von reinem, kristallinem p-HBI ge-

stattcte.
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Da1s zweimal aus Dotrolither umkristallisierte p-HBI schmolz schavf bel
42° ¢ und zersetzte sich oherhalb von 507 C. ’

Die Flementaranalysc des kristallinen p- HBI ergab Werte, div etwas ausser-
halb dor erlaubten Fehlergrenze fiir Cali.,ONS Jagen. Wahrscheinlich ist die leichte
versetzlichkeit des p-I/B) bereits durch die Luftfeucitigkeit dafiir verantwortlich.

Das kristalline p-ERBI war dinnschichichromatographisch vollkommen rein.

Duas p-HBI konnte mil Anilin in N—p—hydroxybenzyl-N'—pheny\—thioh.unstoﬁ
(IX) ibergefibrt werden, welcher andererseits aus dem p-Hydroxybenzylamin (IV)
mit Phenylisothivcyanat erhalten wurde, wie das folgende Reaktionsschema zcigt.

uo@-cnz—uuz Ho@—cnz-n-c=s

W ‘ p-HBI (VI
e Om =
uo@-cnz«- NIt - CS - NH -@ uo@-cxxzoﬂ +8CN®

IX X

Die beiden Derivate hatten die gleichen Schmelzpunkte (3,4), ihre Mischung
zelgte keine Depression. Das IR-Spekirum dieses Thioharnstoffderivates (Fig. 5)
ist vollkommen identisch mit demjenigen von Kjaer und Rubinstein (4).

p-HBI konnte mit Ammoniak sowohl in wiissrigem wie in vollkommen wasser-
frelem Medium nichl in den Monothioharnstoff iibergefilhrt werden, in beiden Fillen
erfolgte quantitative Spattung in p- Hydroxybenzylalkohol und Rhodunid.

Das UV-Spektrum von p-HBI (Fig. 1) wurde in n-Heptan aufgenommen, A max.
bei 224 mp (log. € 4,07) und 275 mp (log. € 3,38).

Das IR-Spekirum wurde von reinem, geschmolzenem p-HBI aufgenonien
(Fig. 4), da Druck, Tewperatur und eine geringe Hydrolyse im Natriumchloridpris-
ma die Kristalle zum Schmelzen brachten. Innerhalb der fir duas Isothincyanat cha-
rakteristischen Bandbreite trat eine Bande mit 2 Muxima bei 2160 ¢:m"1 resp.
2080 cm-1 auf. Das Maximuwmn bei 1345 cm'l diirfte von der Methylengruppe her-
rihren, wihrend die intensive Bande bei 1515 cm'1 wicderum durch Anlapcrung
an dic Isothiocyanatgruppe zustande kommen konnte (33). Diese Bande fehlt sowohl
bel Phenyl- wie bel Benzylisothiocyanat, so dass man bei phenolischen lsothiocyanale
intermoleckulare Additionen annehmen muss,
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Dic UV-Absorptionsspektren wurden mit einem Carl- Zeiss-Spektralphotome-
ter FMQ 11 gemessen. Die 1R- Absorptionsspektren wurden mit einem Perkin-Elmer-
spektrograpben, Typ 21, aufgenommen.

log £
4,4

4,2
4,0
3,8
36
3,4
3,2
3,0
2,8
28 HO-Q-N;S
2,4

2,2

HoQ«cnz-Ncs

200 220 240 260 280 300 320 mp

Figur 1 UV-Absorptionsspektien von p-Hydroxyphenyl-isothtocyanat und von p-HEI
in n-Heptan
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22. Dinnschichtcliromatographi= von aromoiischen Isothioeya-
naten und ihren Zerscizungsprodukten

Zur Trennung lceichtiichtiger Isothiceyanate bedlent wan sich der Gaschroma-
tographie (35), fir dic Papierchromaegrapnie milssen sie emwender in Thicharn-
stoffe oder in Thivsemicarbazide Uberpetubrt werden (36).

In der Literatur dor Jucthiocyanate (5, 6) und der Dilnnschichtehronmalonraphice
{37} findet man keine Augabun tber dinnschichtchromatographische ‘freanmethoden
der lsothiocyanate, Gmelin und Virtanen (38) verwendeten die Ditansehicht-
chromatographic bet der Stxukturaufklirung von Glucobrassicin mit Krfolg. Al'er-
dings diente sie ihnen zur Identifizierung der Indolderivate, die als hebenprolukte
belm enzymatischen und ¢ hemtschen Abbau von Glucobrassicin (XIX) auitraten,

Mitl den nachfolgenden Untersuchungen versuchten wir eine dinnschichichro-
matographische Trennmethode mit Hille der erbaltenen Isothiocyanate und threr Zer-
setzungsprodukte auszuarbeiten.

Fiir die Auswahl der Diinnschichtmittel wurden die Isothiocyanale uuf Zelinlose,
Polyamid (Woelm), Kieselgur G und Kicselgel G mit zwei Standard-Lauimitieln

Benzol/Methanol/Essipsiure (48:6:4)
n-Heptan/80 % HCOOH/Butanol (20:20:15)

ohne Riicksicht auf die Wirkung der Laufnittel auf die Isothiocyanate chromalogra-
phiert. Auf den Kieselgel G-Platten wanderten die Isothiocyanate und ihre Zersetzungs
produkte ohne Schwanzbildung als kompalite Flecien, dle anderen Adsorbentien be-
wilhrten sich nicht.

Neben den bekannten Isothiocyanat-Reapoenzien wurden auch diejenigen, die
wegen threr Aggressivitiit uur bel der Dlinnschichtchromatographic verwende! wer-

den, untersucht.

Bprithreagenzicn: Farbe der Flecken:
Diazotierte Sulfanilsiure hellgelb

konz. Schwefelsiiure/Anisaldchyd braun-schwarz
Ferrinitrat hellbraun
Silbernitrat braun

2, 6-Dichlor-chinon-chlorimid (2, 6-DCC) rotbraun, blau
Jod in Chloroform rotbraun
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vaon den angefilbrten Sprihreagenzien hat sich 2, 6-1DCC 2m besten bewdhrt.
Es gab mit Phenyl- und Bonzyl-isothiocyanat rothravme, n.it p-Mothoxyphenyl-iso-
thiocyanat blassrote vad mit p-Hydroxyphenyl- und p-Hydroxybenzyl-isot hiocyunat
cine Intensiv blaue Facbreaktion.

Weil die blaue Firbreaktion bel p-RBI put 2,6-DCC aul die Phenoloruppe
zurtick»u{tihren ist, war zu crwarten, dass man mit diesen Sprithmittcl auch die
mersetzungsprodukte dicses Isothiocyanats, falls sie auch Phenolgruppen enthalien,
mrehv elsen kann, '

Jod in Chloroform hat sich noch als einigermassen brauchbar gezeigt, aber
dic Flocken verblassten nach dem Besprihen viel zu schoell,

Um ein Laufmittelsystem zu finden, mit welchein die Substanzen ohne Zer-
setsung getrennt und ungefihr bis zur Mifte der Laufstrecke getragen werden, muss-
ten ausgedehnte Versuchsreihen durchgeliihrt werden. Die Laufiaittel und die cuge-
hiirigen Ry-Werte der einzelnen Isothiocyanate sind in Tabelle II zus.ammengestelit.

Tabelle I Ry-Werte der Isothiocyanate in verschiedenen Laufmitteln

i R"-Wcﬂe von Iacthjocyanaten (1-N=C«8)
Laufmittel Phenyl- Denzyl- p-Muthoxy- p-Hydruxy- peHydioxy-
phenyl- phenyl- benzyl-

BenzolMethanol/Esntgntiure {406:8:4) 0,8 0,78 0,78 0,58 0,63

0,17 0, 0,74 0,54 0, 64

Benzol/Mioxay Lanlgadure (¥0:25:4) 0,11 0,71 v, 72 0, 87 U, 60

0,18 U, v, 1 v, 08 0,08

n Heptun/Ametsenstiure, futanol (20:30:18) 0,08 0,38 0,33 0,08 0,03
noHeptan/Bongol/Wasker (2:9:9) 0, U8 0, b0 0, b4 0,08 =
0, 8% 0,88 0,67 0, 04 .-

n Heptan/Bengol/Tolrahydroturan {2:2:1) -- - 0,58 0,3 0,35

n- Boeptan/Benzol/Dloxan (2:3:4) . .- 0,71 0,85 0,65

nNeptan/Benzol/IHoxan (2:3:3) 0,88 0,68 0,17 0,80 0,53

n-Heptun/Benzol/Dioxan {4:3:1) - - 0,58 0,29 0,31

Dioxan 0,68 0,68 0,60 0,58 0,81

Chloreform -- -- -- -- 0,20

Petrolither .- -- - -- 0,00
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Mit Dioxan erhilt man fir alle Isothiocanate gleiche Ry~-Werte. Die Zupabe von
n-Heptan und Benzol bewirkt eine deutliche Trennung zwischen den phenolischien und
den anderen Isothiocyanaten. Die flichtigen Phenyl- und Berzol-isothiocyanite eignen
sich nicht fir Dunnschichtchromatographie.

Mit Benzol/Methunol/Essigsfiure Laufiiittel traten immer mehrere Flecl:cn
auf, wahrscheinlich tritt Zersetzung der Isothiocyanale in diesem Laufmittel ein.

Es wurde mehrheitlich mit folgender diinnschichtchromalographischer Metho-
dik gearbeitet:

Diinnschichimiltel: Kieselgel G
Laufmittelsystem: n-Heptan/Benzol/Dioxan (2:3:2)
Spriihreagens: 2,6-DCC

Mit dieser Mcthode wurden auch zwel vermutliche Zersetzungsprodulkte des
p-HBI untersucht und die durchschnittlichen R-Werte aus mehreren Versuchen er-

mittelt und zusammengestellt.

HO@ CH,,-OH HO-@ CH2-<}OH ao@cuz-mczs

p-Hydroxybenzyl- 44'-Dihydroxy- b
alkohol (X) : diphenyl-ruethan {X1) p-HBI (V)
Ri-Werte: 0,23 0,37 0,50

23. Isolierung von p-Hydraxybenzyl-isothiocyanat aus Samen
von Sinapis alba L.

231. Senfolglucoside und ihre enzyinatische Spaliung

Sen{samen diirften der Menschheit schon sehr friih als Gewiirzmittel oder
Heilmittel bekannt gewesen sein. Wie Zinner (39) berichtet, wurden Senfsamen
als Bestandteile von Arzneistoffen schon bel Theophrastus und Dioskorides aufge-
fithrt. Mit Sicherheit weiss man nur, dass Tralllanus schon wm 600 n. Chr. den
achwarzea Senf als Arzneimittel verwendete. Ein Leydener Arzt, Bocrhave, er-
kannte um 1730 d.s wirksame Prinzip dieses Samens, cin stechend ricchendes
dtherisches Ocl, welches aus dem wiissrigen Samenteig mit Wasserdampl destillier-
te. 1868 gelang es Hofmann (13) cine Reihe Shnlicher iitherischer Ocle zu syn-
thetisieren und als Iscthiocyansiure-ester zu identifizieren. bEr nanntce diese neue
Stofigruppe deshulb "Senfile”.
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pevor aber Hofmann (13) die Strukiur der Isothiocyanate sichergestellt
o isolicrte Bussy (40) bereits 1363 aus dem schwarzen Senf (Brassica nigra

Lyt
ety

¥} cinen kristallinen Korper, das Sirigrin, fir den Will und Kérner (41)
¢ ine Summenformel clbnwrzomszx aufstellen konnten,

Dic Myrosinase, ein Enzvm, welches von Bussy (40), Boutron und
“remy (42) im Senfsamen «irtdeckt wurde, spalicte das Sinigrin zu Allylisothio-
syvanat, D-Glucose und Kaliumtivdrogensulfat,

In miihevoller Arbeit klirte Gadamer (43,44) die Art der Verkniipfung
Deser enzymatischen Abbauprodukte auf und konnte wahrscheinlich machen, dass
div "Precursors” aller nalirlichen Seafdle die glelche Grundstruktur (X1T) besitzen,

e pach dem Substiluent 13- am Stickstoffatom entstehen verschiedene Senféle,

o5 Cetn%%

o §0, - o® x®

R-N =

X0

Da die Myrosinase-Spaltung von Senfélglucosiden immer nur D-Glucose ergab,
kounte do1r sichere Beweis der Thioglucosidstruktur erst 1914 von Schneider
und Wrede (45) durch Bildung von 1-Thio-D~Glucose mit Kaliummethoxylat er-
trachi werden. 1930 bewiesen Schneideyr, Fischer und Specht (46) auch,
dass dic vam enzymatischen Abbau der Senfilglucoside entstehende D-Glucose,
wvelche hereits 1905 von Ter Meulen (47) als solche erkinnl wurde, aus einer
ﬁ sglurciudischen Bindung stiumt.

Dic strukturform von Gadamer (XI)) vermochte die dfters beobachtete
(48, 49, 51) Nitrilbildung aus Senfdlglucosiden bet verschiedenen Reaktionen nichl zu
erkliiren. Nitrile kénnen niimtich nur gebildet werden, wenn in den Senf8lglucosiden
vine durcigehende Kohlenstoffkette vorhanden whre.

Ettlinger und Lundeen (51) erhicllen durch schonenden hydrierenden
Abbau aus Sinigrin n- Butylanin, aus Sinalbin Tyramin. Damit{ wurde die durchgchen-
de Kohlenstoffkette in den Senfolglucosiden sicher bewiesen. Bei der sauren Hydro-
lyse wurde das Stickstoffatom der Sentolglucoside quantitativ als Hydroxylamin-Salz
pefunden. Somit konnien sie die endgiillige Struktur der Senfolglucoside (XIO) auf-
stellen. Schliesslich wurde von Ettlinger und Lundeen (52) 1957 durch die
Synthese von Glucotropeolin (R = CGHS'C".-'!) die revidierte Strukturformel von
Senfolglucosiden sichergestellt.
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Die Senfélglucoside sind demnach am Stickstoff mit Schwefelsdurc acylicrte
und am Schwelfcl glucosidierte Thiolhydroxiowsiuren, die je nach Loslichkeit ihrer
Salze als K-, Na-, (CI{3)4N-, Sinapin-Salze etc. isoliert werden.

Als freie Siuren sind sie unbestindig. In den Pilanzen komwmen sie wahrschein
lich in gelbsier Form als Anionen vor. Mit den Trivinlnamen Sinigrin rosp. Sinalbin
werden kristalline Salze bezeichnet. Die nmeisten Seufdiglucoside, dic zum Teil
noch gar nicht isoliert wurden, erhalien nach Gadamer (48) und Kjaer (53)
das Praefix "Gluco" und eine Ableitung der lateinischen Namen der Pflanze, in
der das betreffende Senfolglucosid erstmals nachgewicsen wurde (z. B. Glucotropaec
lin aus Tropaeolum, Anion: Glucot ropaeolat; Anion von Sinalbin: Glucosinalbat).
Dicse Nomenklatur ist in Apbetracht der zunehmenden Zahl der entaeckten Senfol-
glucoside nicht cinheitlich durchfiihrbar (2. B. Neoplucobrassicin (64) ). Deshalb
erscheint ein Vorschlig von Ettlinger und Datco (55) besonders bepriissens-

wert. Sie nennen das folgende Anion Glucosinolat (X1V).

S-C.H,,0
i e § St

R-) H-C
(R-) \

N-O»‘SOZ—OO

Xiv

Mit dem Namen des Substitucaten R bilden sie den Hamen does Senfilglucosid-
anions. Diese Nomenklatur ist chewmisch cinwandfrei und ordnet ein Senfolglucosid,
das meistens in mehreren Pilanzen vorkommt, nicht einer bestimmten Pllanze zu.

Besonders in den letzten zehn Jahren isolierten und identifizierten verschiede-
ne Forscher, vorallem Schultz, Ettlinger, Virtanen, Kjaer (63 Sam-
melreferat, vgl. dort auch die dltere J.iteratur) und ihre Mitarbeiter zahlreiche
Seafblglucoside, deren stindig wachgende Zahl heute bereits ca. 45 errcicht hat,

nur ein Viertel davon wurden kristallin erhalten.
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Unter den etwa viertausend senfolrlucosigfibrencden Pflanzen, die wenigen
tamilien (Cruciierae, Capparidaceae, Resedaceae, Moringaceae, Tropeclaceae,
Caricaceae, Euphorbiaceae, Limnanthaceae, Phytolaceae, Plantaginaceuse, Silva-
doraceac) angehdren, befinden sich viele fiir die menschliche Ernihrung wichtige
Geowniisesorten, Gewiirzstoffe und fiir die Tierernihrung wichtigze Futtermittel
(Kohlarten, Raps, Rettich, Kresse, Senfsamen, Mecrrettich etc.). Viele Geruchs-
und Geschmacksstoffe unserer Gemiise und Gewiirzsorten bestehen aus Isotlocyani-
ten und ibren Zersetzungsprodukien.

Die enzymatische Spaltung der Senfdlglucoside und Bildung der Senfdle ist
sohr kompliziert,

Die folgende Brutlogleichung zeigt Antangs- und Endprodukte, dte durch Um-
lsgrerungen ilber zahlreiche 2wischenstufen gebildet werden.

- C‘/S-CGH1105 Myrosinsgx_e’ R-NCS + C6H1206 + )«ZH.‘.‘»O4

™
\N-O~302-0° x® H,0

Euler und Erikson (56) nihmen als evste an, dass die Spaltung von Seaf-
dlplucosiden durch das Zusammenwirken von mehreren Enzymen erfolgt. N cuberg
und Wagner (57) sowie Neuberg und Schinebeck (58) gelang es durch
{raktionierte Flllungen der Myrosinase eine Thioglucosidase und cine spezielle Sul-
fatase fiir die Spaltung der Senfélglucoside wahrscheinlich zu machen. Diese Befunde
wurden von Sandberg und Holly (59) bestiitizt. lingegen d.( uten die neveren
Untersuchungen von Nagashima uwnd Uc hiyawa (60) darauf Lin, Jdass die My-
rosinase nur aus einer spezicllen Thioglucosiduse besteht. Nuach Abspaltung der
D-Glucose wiirde darnach die Spaltung der Aether-Schwefulsure- Dindung s pontian
durch intermolekulare Umlagerung stattfinden. Diescr Reaktionsmechanismus stiitzt
stch auf dhnliche Beobachtungen von Hurd (61) bei Umlagerungen von Hydroxini-
siuren. Div beiden japanischen Forscher steliten auch fest, Jiss SH-Inhibitoren
hemmend, Ascorbinsiure dagegen stark aktiviercnd auf die Spaltung wirken. Zwei
verschicdene Enzyme hingegen solllen auf die Inhibitoren und Aktivatoren verschic-
den reagieren.

Im Gegensatz zu den ausfiihrlichen Arbeilen von Nagashima vnd Uchiyama
(60) berichteten Gaines und Géring (62) von ciner Trennung der Myrosinase
an ciner DEAE-Cellulose in eine Thioglucosidase und cine Sulfatase iihntlich den
fritheren Befunden.
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Fttlinger et al. (63) vertreten die Meinung, dass im Samen von Sinapis
alba L. mindestens zwei Enzyme, eine auf L-Ascorbinsiure indifferente, Klussische
Myrosinase uand eine Thioglucosidase, fiir die L-Ascorbinsiurc als Coenzym dient,
vorhanden sind. Die Spaltung der Senitlglucoside erfolgt nach dicsen Autoren durch
die Thioglucosidasewirkung und arschliessende Lossen'sche Umlagerung.

232. Sirukturaufklirung des Senfblplucosids aus den Samen von Sinapis alba L.

1831 erhiclten Robiquet und Boutron (1) aus dem Samen eine kristalli-
ne Suhstanz fur die Will und Laubenheimer (30) 1879 die Summenforimel
(:301{44!4201682 aufstellten. Dicse Summenformel wurde von Gudamer (44)
zZu C30H42N201582 . 5&!20 modifiziert.

Die Myrosinase-Spaltung licferte ein brennend schuneckendes Senfdl, D-Clucos
und ein Bisulfat mit folgender Summenformel: (c16H24N05)° Hsoz . Das organi-
sche Kation wurde spiiter von Gadamer (44) als Cholinester der 3, 5-Dimelloxy-
4-hydroxy-zimtsiure (Sinapinsiure) identifiviert und Sinapin (XV) genannt.

CH, CH

3 | 3 ®
HO Cli:=C){-C-O-C}IB—Cﬂz*T-Clla
CH3 CH3

Xy

Das kristalline Senfdlglucosid aus Sinapis alba Y.. erhieltl den Namen Einalbin
(xvil), Will und Laubenhetmer (30) zerlepten das Silbersalz von XVII mit
H,yS und erhiellen ein Nitril, welches durch Siiurehydrolyse cine Hydroxyphenyl-
essigsiurc ergab, bei der sie die Hydroxygruppe in ortho-Stellung vermuteten.
Salkowski (2) stellte inzwischen die p-Hydroxyphenylessigsdure dar und erkannu
die Identitit dieser mit derjenigen von Will und Laubenheimer (3V). So konn
er das Senfol von XVH als p~-HBI postulicren, ohne dass er diese Annahme durch
Synthese bestéitigen konnte, da er dabei nur cine tllige Substanz erhielt,

Schnetder (3) berichiele in einem Simmelreferat dber Lauch- und Senfole
kurz liber cinige charaktcristische Derivate des Senféls von Sinalbin (XvL), den
N-p-hydroxybenzyl-N'-phenylthioharnstoff (IX) und das Phenyl-p-hydroxysemiciarbe
zid, die er in unverbffentlicht gebliebenen Versuchen erhalten hat.



Kjacr und Rubinstein (4; stelllen in neuerer Zeit das p~-HBI in dtheri-
o her Losung dar und erhielien den obigen Thivh unstofi (IX) durch Zugabe von Ani-
L Dasselbe Derivat (IX) konnten sie aus dem Aethereatrakt des Samens mil Arilin
jmnlierern.

Nachdem Ettlinger und Lundeen (51) durch schonenden hydrierenden
Abbw von Sinalbin (XVII) Tyramin erhiellen, war die fcelgende Strukturformel ucs

5 -nfolglucosidanions (XVI) gesichert.

HO{;\--CHz - C<

XV1 xvi, X% - Sinapin

S-C(j}l1 1O5

N-0-50,-0° x®

Bis jetzt wurde XVI in kristalliner Form nur als Tetramethylammonium- und
Sinapinsalz (Sinalbin XVN) isoliert.

Das Senfdiglucosidanion XVI wiire nach Kjaer (53) als Glucosinalbat, nach
Ettlinmer und Dateo (53} als p-Hydroxybenzylglucosinolat zu bezeichnen.

Es mwuss darauf hingewiesen werden, dass das p- Hydroxybenzylglucosinolat-
Aniun (XVI) in der Pflanze wahrscheinlich nicht als Sinapinsalz vorliegt, da noch
andere Kationen, besonders Kalium-lonen als Gepenivnen ebenfally denkbar sind.
Kalium-p-hydroxybenzylglucosinolat konnte bis jelzt aber aus dem Samen nicht kri-
slallin erhalien werden.

Sowohl Sipapin (XV) wie das p-Hydroxybenzylglucostnolat- Anion (XVI) kommen
in mehreren Pflanzen vor, von denen besonders die Samen von Sinapls arvensis (64)
nach Messungen von Ettlinger et al. (65) beinahe so viel enthallen, wie die Samuen
von kulliviertem Sinapis alba I..

vor kurzem wurde von Kjaer et al. (66) zuch dus m-Hydroxybenzylglucosi-
nolat (Glucolepigramin}  in ;‘;rasbl.’iltrigc;' Kresse (Lepiding graminifolium L. ) ent-
deckt. Weiter wurde auch das p-Methoxybenzylilucos inolat (Glucoaubrietin) in
Aubrietia deltoider DC {(G7) sowic das m- Meothoxybenzylplucosinolat (Glueolinunathin)
in Limnanthes dauglasii R. Br. (68) aufgefundcn.
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233. Enifettung und Enlglucosidicrung von Sinapis alba L. Samen

Die Samen sind hellgelb mit einem Durchmesser von etwa 1,8~ 2,5 mm.

Sle sind von einer harten Samenschale umhillt, welche in ihren Epidermiszellen
betrichiliche Mengen Pilunzenschleimstoffe enthilt, deren Ligenschaflen und Zusam-
mensetzang in zwel dlteren Arbeiten von Bafley und Norris (69) und Bailcy
(70) beschricben werden. Zur Samenmehlherstellung werden dic Samen in den mei-
ston Fillen von thren Schalen befreit, durch Auspressen teilweise entfettet und
schliesslich gemahlen.

Das Untersuchunzsmaterial der vorliegenden Arbeit war ein aus geschiilten
Samen stanunendes fetthaltiges Mehl, dessen Wassergehalt 3,4 % betrug.

Da der Fettgehalt des Sariens sich bei der Isolierunyg von Myrosinase, p-Bydro-
avbenzylgluc nsinolat (XV1) und p-HBL sehr stérend auswirkt, musste das Samen-
mehl entfettet werden und zwar so, dass sowohl das SenfSlglucosid wie die Myrosi-
nase bel dicser Behandlung intalit blicben.

Schwimmer (71) entfcttete das Samenmehl zur Myrosinaseherstellung bet
0° C durch zehnmaliges Ausschiitteln mit Aceton. Weil fir die nachfolgenden Unler-
suchungen grossere Mengen entfettetes Samenmehl bendtit wurden, musste eine
rationelle, konfinuierLiche Raltextraktionsmethode ausgearbeitet werden. Um das
senfillgincosid aus dem entfetteten Samenmebl zu isolicren, mussle ferner ¢t L=
sungamitte) pefunden werden, welches es miylichst vollstlindly und rein aus doin
Samen herausldst. Die Binflisse verschicdener organischer Lisungsmittel auf das
Samenmehl warden parallel in einem gewdhilichen Soxklet- Extrikior (Warmestrak-
tion) und in ecinem speziellen Kaltextraktionsapparat (Fig. 11) untcrsucht. Es wurde
auch versuchi, dus mit Petrolfither entfctiete Sumenmehl anschliessend mit Metha-
nol zu extrahieren. In den Extrakten wurde qualitativ fesigestellt, welche Stoffec vom
betreffenden LSsungsmitiel heriausgelést wurden. Die getrockneten extrahierten
Samenmehle wurden anderer:eits qualitativ auf Myrosinaseaklivitit gebrﬁft. Itie Re-
sultate der Vorversuche von Warm- und Kalt-Extraktion sind in Tabelle II aufge-
tilhrt.
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e JU Extraldionsversuche von Simapis albe L. Samenmehl mit verschiedenen
— Lisungsmitieln bet verschiedenen Temperaturen

{ o T Wairm-kxtraktion Kali-Extraktion Qualititive
\ Losungs-~ | Extr. Extrakt- Myr. mxtr. Lxtrakt- Myr. ﬁl(:iu;;?;:lnﬁlZnng
Pnittel Temp. Ausbeute AkL. "%ljl]). Aurhgutv Axt. e
| JICHE R
yetrol- - Fette und
dther 3(-40 35 + 12 31 e Farbstoffe
o Fetle und
Aceton 55 38 - 19 37 + Fan‘tﬁs;jclﬁfe
Felte, Farustoffe,
Zucker, Aniino-
Methanol | 55-60 20 - 20 21 ++ sfuren, Sinapin,
p-Hydroxybenzyl-
glucosinolat
Petrol- Fette und
:xt?cr - - .- 14 34 4+ Farbstoffe
Sid.
| pefolgt
von
Methanol . . o Farbstoffe,
10 Std. h B 18 22 M Zucker, Amino-
. sHuren, Sinapin
k:,léu' P llydr,uxybcnzy’l-
! * glucosinolat
Myr. Akt. = Myrosinase-Axtivitdt

Wie aus Tabelle III ersichtiich, 16sen Petrolither und Aceton ausser den ge-

samien Pilanzenfetten der Samenmehle nur noch Farbstoffe, wihrend Methanol allein

nur einen Teil der Pflanzenfette und das gesamte Sinapin und p- Hydroxybenzylgluco-

sinolat mit Begleitstoifen herausiost.
Nach der Kaltextraktion war die Myrosinase- ALtivitdt noch erhalten, wihrend

dic hohere Tempcratur bei der gewbhnlichen Soxhlet- Extroktion die Myrosinase
inaktivierte. Dicse Vorversuche zelgten, dass es am zweckmissigsien ist, das Sa-

menmehl zuerat nach dem Kaltextraktionsverfahren mit Petrolither restlos zu ent-

fetten und anschliessend das Senfolglucosid mit Methanol zu extrahicren. Nach diescra
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Verfahren wurden grossere Mengen Samenehl entfeltet, aus denen spiiter Myrosi-

rasc wid p-HBI isoliert wurden. Ein Teil dieses Mehls wurde mit Melhanol entgla-

cosidierl und aus der Methanollbsung verschiedene Salze des p-Hydraxybenzylpiucs-
sinclats (XVI) und des Sinapins gewonnen. Die Ergebnissc der Extraktionen sind in

Tabelle IV aufgefiibrt.

Tabelle IV Entfeltung und Entglucosidicrung von Sinapis alba L. Samenmmell nach
~ dem Kaltextraktions- Verfahren

Lisungs- Samenmehl Extrakt Myrosinuse-
mittel (¢] (€] (%) Akt ivitit
Petrollither 356 128 36,C aktiv
374 135 36,0 aktiv
385 141 36,5 aktiv
Petrolither 145 36,8
Methanol 394 64,7 16,4 aktly
{otal:
53,2

Aus sechs Kaltextraklionen mit Petroliither oder Aceton ergab sich ein durci-
schnittlicher Fettpelalt von 36,55 4. Der Gusamtoxtrakt erhalten nidt Peirolither
und Methanol, $3,2 % bzw. 56,0 4, diirfte den pesamten in organiscoaen Losungs-
mitteln 16slichen Anleil des Saumenniehls durstellen, ‘

Aus dem senfolglucosidhaltigen methanolischen Extrakt des entfutteten Sameu-
melds (145 g) kennten rait Hille eines Anionenaustauschers das Kaliuni-p-hydroxy-
benzylglucosinolat und dis Sinapin-rhodanid isoliert werden.

Die UV-Spektren der verschiedenen Sulze des p- Hydroxybenzylplucosinolats
{(XVI) und des Sinapins sind in Fig. 6 dargestellt. Das UV-Spektrum von Kalium-p-
hydraxybenzylglucesinolat zelgt, dass es noch nicht ganz rein vorliept.

Das entfelicte und entglucosidierte Samenmehl stellle ein aktives trockenes

Myrosinase-Rohpriparat dar.



_______ Sinaptirhodanid

log ¢ p-Hydroxybenzylglucosinolate:
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Figur 6 UV-Absorplionsspekiren von Sinapin~ und p- Hydroxybenzylglucosinolatsalzen
in destilliertem Wasser
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234, Senfélglucas clestimmuny des Samens von Sinapis alba L.

tha die erziclte Ausbeute von p-Hydraxybenzylglucasinolat und p-HBI aus dow
Samen berechnen zu kinnen, musste der Senfdlgiucosidgehalt des Samenmehls er-
wittelt werden.

Die Bestimmungen des urspriinglichea Senfolglucosidgehaltes: in Pflanzenmate-
rialien stlizen stch ausnahmslos auf die Anilyse cines der drei priméren Abbaupro-
dukte der Senfdlglucoside.

Die enzymalisch freigescizten Isothlocyanate konnen, wenn sie wasserdampf-
{liichtig sind und bel der Abtrennung aus dem Reaktionsgemisch nicht zersetzt wer-
den, argentometrisch oder jodometrisch bestimmt werden. Filir das nicht flichtige,
leichtzersetzliche p- HBL ist diese Methode nicht anwendbar.

Etilinger et al. (65) entwickelten speziell fiir die p-Hydraxybenzylglucosi-
nolathestimmung eine Analysemethode, in der die starke Alkalf-l.abilitéit des enzy-
matisch freigesetzten p- HBI ausgeniitzt wird.

Elne buestimmte Menpe Samenmehl wird mit Wasser in Gegenwart von Aether
enzymatisch ubgebaut. Die p-HDLI-haltige Actherphase wird abgeirennt und mit Nat-
ronlauge ausgaschiittelt. In der alkalischen Lisuiyg sersetzt sich das p-HBI quanti-
tativ in Rhodanid, das nachher abgetrennt und nach Barker (72) kolorimetrisch
bestimnit wird. Aus den gemessenen Rhodanid-Werten kann das enzymatisch frei-
gesetzte p-1IBI und daraus der urspriingliche Senftlglucosidgelalt berechnet werden.

Nach der Senfdlglucosidbestimmung von Schultz und Gmelin (73) wird
die abgesprltene Glucose miit Hilfe des Antrhonrcagens Lolorbmctrizel bestunmt.
Lelder versont diese Methode gerade bel dem p-Hydroxybenzylglucosinolat, da die
Phenol-Gruppe die Analyse stiirt.

Bauer und Holle (74) hydrolisieren den senfélglucosidhaltigen Extrakt
mit Salzsdure und bestimmen das abgespaltene Sulfat gravimetrisch als Bariumsulfst.

Wihrend des enzymatischen Abbaus von Senfdlplucosiden in ungepufferter wiiss-
riger Lisung sinkt das pH sofort rapid durch das gebildete saure Hydrogensulfat und
dic Reaklion bleibt bei pH 2-3 endgliltig stehen. Wird das optimale pH von 6,2 durch
automatische Titratlon des {reigesetzten Hydrogensulfats konstant gehalten, dann
verliuft der enzymatische Abbau quantitativ und die verbrauchte Menge Lauge kann
zur Senfilglucesidbestimmung verwendet werden. Durch den enzymatischen Abbau
von L¥sung.n, die bestimmtic Mengen kristalline Senfélglucoside enthielten, wurde
die Genauigkeit diescr Titrationsmethode ermittelr, woirei folzende Werte in Prozent
der etngwogencn Menge Senfblglucusid gefunden wurd:n:
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Kalium-ullyl- Sinapir-p- Kalium-p- Tetramethyl-
sricos molat hydruoxs benzyl- nydroxybenzyl- ammonium-p-
“(“inigrin) glucosinolat glucosinolat hydroxybenzyl-
(Sinalbir) glucosinolat
ecfunden:
89 % 162 % 98 ‘% 106 %

Bet den p-Hydroxybenzylylucosinolalen wurden durchschnittlich 2 <% zuviel
senfolglucosid erhalten.

Die Anwendung dicser Method. der quantitativen Senfélglucosidbestimmung i
plumzenmaterial erfordert ein aklives Myrosinasepriparat, sowie die vollstdndige
Extraktion des Senfélglucosids und die Abtrennung siamilicher Begleitstoffe, welche
4je Tilration stéren kbnnten.

p-Hydroxybenzylglucosinolat ist das einzige Senfélylucosid im Samenmehl wie
durch Dinnschichtchromatographie gezeigt werden konnte. Zu dessen Bestimmung
durch Titration wurden 5 g Samenmehl zuerst entfettet, anschliessend entglucosi-
diert und das erbaltene Glucosinolat in 100 ml Wasser aufgelst und davon 20 ml
wralysiert. Aue der Reaktionsgicichung des enzymatischen Avbaus von Sendolpiuco-
siden ist ersichtlich, dass 1 nil 0, 01-N Natronlauge 10';‘:I Mol p-HBI oder Senfol-
plucesid entspricht. Pet den gewlihlten Analysebedingungen wird der theoretiache
prozentgehalt «n p-UBI oder Senfdlglucosid mit dem Molckulargewicht MG gleich
Anzahl it ¢, 01-N Natronlauge x 103 Ma.

I vier Purallelversuchen mit Doppelbestimmungen wurden durchsehnitilich
12,54 ml €, 11-N Natronlange vorbraucht, die daraus berechnoten Senfolglucosia-
prhalic des Samcwnchls sind w Tabelle Voauledfélot, Zur bestihgung der erhalte-
nen Werte wiade des Senfolilucosidgehalt des Samenmehls auch nach der Mothode
von Ettlinger (65) bestimmt. Da in der Literatur dber den Einfluss der enzymi-
tisclien Abbauzelt des p-Hydroxybenzylplucosinolats (XV1) sowie der Verseifungozeit
dew p-1IDI wuf die Resullate nichis bekannt war, wurde derselbe in elner Versuchs-
reibe untersucht. Die Lrgebnisse sind zusammen mit den Werten der Tilrationsin:.-
thode in Tabelle V zusammenpestelll. Es ergibt sich, dass der enzymnatische Albau
von p-Hydroxybenzylglucosinolat (XVI) bet der Ettlinger'schen Methode innerhalb
vinar Stunde praktisch vollstdndig ist. Die Analysenwerte dndern sich nach weiteren
Abbauzeiten nicht wesentlich, so dass fir Reibenuntersuchungen eine cinstindiyc
iydrolyscdauer genigend ist. Die Verlingerung der Verseifungszeit von p-HEI, be-
sondereg die Erwdrmung der Natronlauge-Auszige bewirkt eine leichte ¥rhoiung der
Resuliate bei der Eltlinmer'schen Analyse, Dilnnschichtchromatographiseh konnte
tatslichlich nach 15-mindtiger Verscifung noch p-HPI nachgewiesen werden, sodass
dic Resultate nach der warmen Verscifung eher dem ceffektiven Senfélglucesidpehalt

enteprechen,
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2:5. Anwendung der Diirnschichtchromatographie bei der Identifizieruog und Isolie-
rung des Senfols von Sinapis alba L.

Entfetietes Samenmehl wurde bel Raunitemperatur in mehreren Ansédtzen mit
wasser versetzt, und das Senftlglucosid eine Stunde enzymatisch abgebaut. Dee
wissrige Brel wurde entweder mit Aether, Petrolither oder Chloroform gut ver-
rutrt. Durch Zentrifugieren wurden die Extrakte von der wiissrigen Phase gelrenit
und mit Natriumsulfat getrocknet. Je 10 - 5¢ pl der Extrakie und der wissvigen
plase wurden auf eine Kiesclgel-G Platte neben dem synthetiscihen p-HI1 mit
n- Hoptan/Benzol/Dicxan (2:3:2) chromatographiert. von sechs Dlinnschichtchronma-
fogrammen wurden je zwei mit 2,6-DCC, Schwefelsure- Anisaldehyd urd rit Chloro-
{rem- Jod- Losung entwickelt, um mit Sicherheit aller organischen Substanzen nach-
woeisen zu kdnnen. Auf den Chromategrammen crschienen aber mit allen Sprithmiticin
immer nur die gleichen Flecken, deren durchachnittliche RrWerte nachfolgend zu-

sammengoestelit sind:

Extrakte p-HBI
Wasser Acther Petroliither Chloroform
0,88
0,7
0,50 0,50 0,51 0,50 0, 50
0,23 0,23

Diese Ry-Werle beweisen, dass das Senf8l des Samens mit dem synthevischen
w-HB1 i«gunllsch ist. Die Resultate deuten auch darauf hin, dass neben p-HBI kein
veiteres Senfdl gebildel wird und somit ausser p- Hydroxybenzylglucosinolat (XVEH
auch kein weiteres Senfilglucosid im Samen vorhianden ist.

PYetrolither und Chloroform losten keine weiteren Stoffe auaser p-HBU aus der
wiissrigen Samenpaste. Dic belden L¥sungsmittel sind deshalb fir die Extraklion von
p-HBI sehr gut geeignet.
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236. Isolierung von p- Hydroxybenzyi-isothiocvanat aus wihssrigem und lyopbilisier-
tem Samenmehl von Sinapis alba L.

In einer deutschen Patentschrift von Scheib (15) werden mehrere Verfahren
zur Gewinnung von reinem p-HBI peschrieben. Das entfettete Samenmehl wird dabel
in Wasser 24 - 48 Stunden fermentiert, anschlieassend abgepresst und der Riickstand
mit Aether ausgezogen. Nach Abdampien des Lésungsmittcls hinterbleibt ein gelbes
Oel, wclches reines p-HBI darstellen sollte. Aether 18st aber, wie dinnschichtchre-
matographisch gezeigt wurde, mehrere Substanzen des Saimnenmehls heraus, so dass
auf diese Art keln reincs Produkt erhiltlich ist. Ausserdem werden wihrend 1 - 2
Tagen in wissriger Lisung bereits 65 - 75 % des gebildcten p- HBI hydrolisiert. Dic
Isolierung von p- HBI nach dieser Methode, auch wenn sie etwas modifizicrt wird
{3), Hefert stets ein gelbes Oel.

Selbst die Actherextraktion der enzymatischen Abbauprodukte von kristallinem
Sinalbin (XVII) ergab nur braune 8lige Substanzen.

Nachdem die Dinnschichichromatographie die Brauchbarkeit von Petroliither
und Chloroform als Extraktionsmittel zeigte, wurden aus entfettetem und eine Siunde
enzymatisch abgebautem Samenmeh], Petroliither und Chloroform-Extraktc herge-
stellt. Die Auszlige wurden in der Kilte bis zur Trilbung eingeengt. Die Farbe der
Extrakte wurde dabeli gelblich, bel -10° C schied sich nur ein briunlich-gelber 3liger
Niederschlag von unreinem p-HBI aus. Wahrscheinlich wurden durch Petroldther
und Chloroform aus dem Samen noch Roste von Fett, sowie Farbstoffen und anderea
Substanzen zusammen mit dem p-HBI herausgeldst, die das Ausgkristallizieren von
p- HBI verhinderten. Deshalb wurde versucht, durch priparative Siulenchromatoprd-
phie die Begleitstoffe vom p- HBI abzutrennen. Als Kolonnenmaterial diente Silikagel,
als Elutionsmittel n- Heptan/Benzol/Dioxan.

Nachdem feststand, dass auf Kicselgel-G Platten das p-HBI mit Petrollither
nicht wandert, wurde der Petrolitherextrakt direkt auf die Kolonne gegeben. Der
Chloroformextrakt musste dagegen zuerst auf einige ml eingeengl werden, da Chlo-
roform das p-HBI eluiert. Die farblosen Frakuonen, die p-liBI enthielten, werden
vereinigt und schonend elngeengt Aus warmem Petrollither (40° C) erhielt man in
beiden Flillen bet -10° C das p-HBI in schénen weissen Nadeln, Smp.: 39 - 40° C,
nach 2-maligem: Umkristallisieren aus Petroldther 41 - 42° C. Ausbeute: aus 100 g
Samenmehl beim Petrolitherextrakt 370 mg (11,2 %), beim Chloroformextrakt 545 mg
(16,5 %, bercchnet auf dem thooretischen p-HBI-Gehalt des Samenmehls),
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Dle UV- und M-Spektrea des natdirlichen p-HEI, sowie Schmiezlpurkt und
IR -3pektrum der H- p-hydroxyberzyl-N'-phenylhicbarnstolfe (IX) aus natiirlichem
und synthetischoin p-Ri3l waren identisch.

Cine Vereinfachung der lsolierung von p-HBI unter Umgehung der Chrom:to-
y1aphie kinnte durch Lyoghillsicrung des enzymatisch abgebauten Samennichls und
anschliessender Petrolatherextrastionevreicht werden, In Vorversuches wurde festge-
«reBi, dass dus p-HBI wiithrend der Lyophilisierung nicht sublimiert und praktisch
sicht hydrolysiert wird (vgl. Kepitel 342.). Bei der Petrolitherextraktion des p- HR1
aus der lyophitisierten Samenpaste niusste aber festgestellt werdoen, dusg zum Her-
auslbscn cer gesamten p-HBI- Menge mindestens 25 Stunden erfordertich sind. Dic
pelblichen Extrakte wurden sur Entlirbung mit etwas Kieselgel geschittelt. Nuch
dem Einengen der Lsung kristallisierte sichreines p-HBlaus, jedoch mii gevingerer
Ausbeute als im obigen Versuch.

Es wurde beobachtet, duss eine kurze Kaltextraktion von lyophilisiesrtem Sa-
menmehl mit Petroliither, Chloroform oder Acther nur ganz geringe Menge p-HBI
herauslést, obwohl dieselven Losungsmittel die gesamte Menge p-HEI aus wissyigem
Saimenmebl in der Kidlte herauslisen.,

Die Lyuvphilisierunz des Samenmehls brachte daher filr die Isolierung des v-HBI
keine Vereinfachung, der Arbeitsaufwand scheint im Gegenteil bedeutend grasser zu
sein als bel der Isoliciung aus der wissrigen Samenmehlsuspension. Das lyophili-
sierte Sameumehl kénnle hingegen als Gewiirzmittel eine gewisse Iudeutung erlangen,
stellt es dach ein p-1IBI-haltives, sehr scharf schmeckendes streubares Pulver dar,
welches selbst nach monatelanger Lagerung seine Schiirfe nfcht verliert.

24. Chewalsche Elgenschaften von p-Hydroxybenzeyl-isothiocyanat

241, Reaktioncn von synthetischen und nattrlichen 1sothiocyanaten

Die Lsothiocyanate gelien die gleichen Reaktionen ein, wie die lsocyanate, nur
1iit bedeutend geringerer Reaktionsgeschwindigkeit, deshalb spiclen sic in der Kuust-
itoftherstellung keine nennenswerte Rolle,

Dic wichtigsten Reaxtionstypen der Isothiocyanate sind Additions- vnd Ring-
~ehlussreukionen,

Acddiert werden 7. B. Animoniak, Amin, Hydrazine, Hydroxylamin, Alkclole,
Thenole, Merkaptane, Carbonsiivren, Thiocarbonsiuren, Verbindungen mit akiiven
Methylgruppen, Sulfonamide nnd Natriumbydreogenoulfit.
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Die lsothiocyanate haben eine ausgeprigte Tendenz zu Ringschlussreaktionen.

In der Literatur existieren zahlreiche Methoden fiir dle Darstellung fiinf- oder sechs-
gliedriger heterocyeclischer Verbindungen mit Hilfe von Isothiocyanaten. Einige wer-
den auch grosstechnisch ausgefiihrt (76, 77).

Greer (18), Kjaer (79) und Schultz (80, 81) konnten nachweigen, dass
aus bestimmmten SenfSlglucosiden durch Myrosinasespaltung intermedidr Isothiocya-
nate entstehen, die durch sofortigen Ringachiuss Thivoxazolidon-Derivate bilden.

Gmelin und Virtanen (38,54) fanden beim enzymatischen Abbau von
Glucobrassicin (XIX) und Neoglucobrassicin sowohl bei pH 7 wie bel pH 3,5 quanti-
tative Mengen Rhodanid neben anderen Sekundiirprodukten. Dieser fiir Isothiocyanate
neuariige Reaktionstyp wird von Virtanen (82) damit erkllirt, dass die Spnltung
der hypothetischen Isothiocyanate aua den belden Scnfbiglucosiden durch die Bildung
resonanzstabilisierter Carbontumionen begiinstigt wird. Die lsothiocyanate der bei-
den Senfilglucoside konnten gar nicht isoliert werden, da ihre Zersctzung 80 schneil
erfolgt.

Da das p- HBI gegentiber Alkali und Wasser ebenfalls sehr labil ist und die Mbg-
lichkeit elner resonanzstabilisierten Zwischenstufe bei der Zersetzung von p-HBIL
ebenfalls denkbar ist, lag die Vermutung pahe, dass im Falle des p~HBI eine Paral-
lele mit den hypothetischen Isolhiocyanaten von Virtanen (82) vorliegen muss.

Diinnschichtchromatographisch wurde tats#chlich nachgewiesen, dass sich das
p-HBI sowohl bei pH 4, 8-5 als auch bei pH 10-12 in p-Hydroxybenzylalkohol (X) und
Rhodanid zersetzt (Reaktionsgleichung siche Seite 47). In alkalischen Ldsungen von
p- HBI konnte neben p-Hydroxybenzylalkohol (X) noch das 4, 4'-Dihydroxydiphenyl-
melhan (XI) aber kein p- HBI mehr nachgewiesen werden. Die erwihnten Zersetzungs:
produkie wurden neben zwetl nicht weiter witersuchten Substanzen mit Rg-Werter von
0,15 und 0, 09 auch in alten Priparaten von kristallinem p- HBI nachgewiesen. Natron-
lauge spaltet hingegen sowohl aus p-Hydroxyphenyl- wie aus Benzyl- isothlocyanat
kein Rhodanid ab.

Andererseits zefgten die umfangreichen Untcrsuchungen von Zauhradnik et al
(83,84), dass dle meisten Isothiocyanate mit OH- siets unter Bildung von Monothio-
carbamaten reagieren und kein Rhodanid abspalten.
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242. 7Zersetzung von p-Hydroxybenzyl- isothiocyanat in wissrigem und lyophilisier-
tem Samenmehl von Sinapis alba L.

Dte Verfolgung der Hydrolyse von p-HBI wurde sowohl in fetthaltigen wie in
entfetteten Samenmehl-Wassergemischen ermittelt, da fir ihr Ausmass der Fetige-
halt des Samenmchls elne sehr wichtige Rolle zu spielen scheint. Um die Hydrolyse
in beiden Fiillen miteinander vergleichen zu kbnnen, wurden siimtliche Ergebnisse
der Untersuchungen auf intaktes Samenmehl bezogen. Die Abnahme decr p~HBI-Kon-
zentration und die durch die Hydrolyse gebildeten Rhodanidmengen wurden nach ver-
schiedenen Zeiten gemessen und in Fig. 7 und 8 graphisch dargestellt. Die prozen-
tuale Hydrolyse wurde auf zwei Arten berechnet; einerseits aus der Differenz der
urspriinglichen und der zur Zeit t bestimmten p-HBI-Konzentration im Samenmehl-
Wassergemisch und andererseits aus der zur Zeit t gefundenen Rhodanidmenge, die
der Menge hydrolisiertem p-HBI entspricht. Die Resultate sind in Fig. 9 und 10
dargestellt.

Die Fig. 7 - 10 zeigen deutlich, dass die Hydrolyse des p~-HBI im entfetteten
Samenmehl ungefihr doppelt so schnell vor sich gebt wie tm fetthaltigen Samenmehl.
Das gebildete p-HBI 188t sich offensichtlich zum grossten Teil im Fett und wird da-
durch vor der Hydrolyse geschiitzt. Selbst im fetthaltigen Samenmehl-Wassergemisch
findel nan aber nach 10 Tagen praktisch kein p~-HBI mehr sondern nur noch p-Hyrdro-
xybenzylalkohol {X), sowie dessen Kondensationsprodukte und Rhodanid.

Um die Zersetzung des p- HBI wihrend der Lyophilisation der fetthaltigen und
entfetteten Samenmmehle und wihrend der Aufbewahrung der lyophilisierten Samen-
mehle zu ermitteln, wurden ebenfalls die zur Zeit t vorhandenen p- HBI- Konzentra-
tionen und die durch Hydrolyse gebildeten Rhodanidmengen gemessen und daraus die
prozentuale Hydrolyse berechnet. Die Resultate sind in Tabelle VI zusammengestelit.
Die Untersuchungen itber die Lyophilisierung des Sammenmehls zeigen auch, dass dic
Zersetzung des p- HBI nur davon abhiingig ist, wic lange dieses mit dem Wasser in
Kontakt 18t. Tabelle VI zeigt auch, dass die auf die beiden Arten berechneten Hydro-
lysewerte von p- HBI weltgehend Ubereinstimmen.
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Tabelle VI Hydrolyse von p-HEI in fetthaltigem und entfettetem hyophilisiertem Samenmehl

p—?l p-HBI Hydrolyse SCN9 gef. p-HBI Hydrolyse Total gef.
gef. hydr. aq. Extr. hydr. p-HBI
(me/g) [[me/e] [%] [ me/g ] [ me/g] (%] in % d. Th.
f e 1 e f e f e f e 1 e 1 e

Unbehandeltes 22,0 21,4 | © 0 0 0 0,60 0,33 { 1,71 0,95 | Q 0 100 100
Samenmehl
Vor der 21,2 19,0} 0,8 2,4| 3,6 11,2 {j0,21 0,683 } 0,60 1,8 2,7 8,4 % 99,2 98
Lyophilisierung h .
Nzch cer 17,9 17,4 | 4,1 4,0 18,6 18,7 {i1,24 1,27} 3,95 3,62 ji6,1 16,9 97,5 98,4
Lyorthiiisierung
Nach ! monat. |14,2 12,2 | 7,8 9,2 (35,4 43,0 {{2,52 2,87} 1,18 8,2 (32,6 38,5 97,0 95,5
Aufbewahrung
Nach 3 monat. |10,0 6,9 {12,0 14,5 54,6 67,7 {13,90 4,92 }11,10 14,0 [50,5 65,5 88,0 97,6
Aufbewahrung :

hydr. = hydrolisiert

£ = fetthaitiges Samenmehl

[ = entfettetes Samermehl

L
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Die Untersuchung der Zersetzung des p- fIBI zeigt, dass sowohl p-HIBI wie die
belden theoretischen. Isothiocyanate von Virtanen (82) sich in thren Reaktionen
mit OH® und H® - lonen abnormal verhalten. Die Zersetzung von p~HBI und des
theoretischen 3-Indolylmethyl-isothiocyanat verifiuft im basischen Milleu wahrschein-
lich wie folgt:

r§6‘®cu2%=c=s @Eg’wcuzfizaczs

ox® XIX
[]
on"j
XviI m@-cn2 + scN°® @an
+ 8CN*
! H,0 H,0
X ao@—cnz*oxi wcnz—oa

H

l
X1 uo-@crtz@ou + CH,0 @d‘cnzw* CH,0
H H

Die Zersetzung des p-HBI verliuft mit aller Wahrscheinlichkeit liber das
Chinoninethid (XVI]) als Zwischenstufe. Dicse Yerbindung ist Nusserst reaktions-
tihig und konnte noch nie twoliort werdoen. (Ucber Chinonmethide und ihre Polyme-
rlsation vgl. =. B. 85,886,87), Chinonmethide addioren leicht Phenole, Zucker,
Wasseor etc.

Von der Analogie der Beobachtungen (38, 85) auagehend milsste unter den Zer-
setzungsprodukten von p-HBI im alkaliachen Milieu auch Formaldehyd vorhanden
sein.

In stark saurem Milieu dirfte das Proton am Stickstoffatom angreifen und
durch Abspaltung des Rhodanids cin resonanzstabilisiertes Carboniumion bilden,
welches in diesem pH-Bereich zu Polymeren fiihren misste:



no-@cuz‘ + HNCS ®CH2° + HENCS

Polymerisation Polymerisation

Nach diesen Beobachtungen kann man die Isolhiocyanate in zwei Gruppen ein-
teilen, niimlich in solche, die mit OH® - Ionen Monothiocarbamate bilden und in
sviche, die Rhodanid-Ionen abspalten.

243. Biologische Wirkung von Isothiocyanaten

Die Isothiocyanate zeigen cine Reihe von pharmakologischen Eigenschaften,
die heute noch ausgeniitzi werden. So wird Allyl-isothiocyanat in Form von Senf-
packungen als Antirheumaticum, Rettich und Brunnenkresse als galletreibende
Mittel verwendet.

Die Arbeiten von Schmidt und Marquardt (88) sowie von Foler (89)
wiesen auf die bakteriostatische und antimykotische Wirkung von Isothiocyanaten hin.
Neuere Unterauchungen (90) zeigten, dass gewisse Isothiocyznate erfolgreich gegen
Schidlinge im Boden angewendet werden konnen.

Viele Futtermittel enthalten Senftlglucoside, deren enzymatische Spaltung
I1sothiocyanate liefert, die filr Tiere giltig sein konnen. Die Keunninisse der Inhalts-
stoffe solcher Fultermittel werden von Kjaer et ul. (36) stindig crweitert.

Die wichtigste Roile spielen die Isothiocyanate aber in der menschlichen Er-
nihrung. Viele Gewiirze und Gemiisesorten erhalten ihren charakteristischen Geruch
und Geschmack von Isothiocyanaten und ihren Zersetzungsprodukten, die letzteren
k&nnen zudem auch bestimmte physiologische Wirkungen auiweisen.

Wie bereits erwliihnt, entstehen aus gewisscn intermediiir gebildeten Isothio-
cyanaten cyclische Verbindungen, die stark antithyreotische Wirkungen aufweisen.
Auch das Rhodanid, das durch Hydrolyse der beiden hypothetischen Isothiocyanate
von Virtanen (82,93) und wie gefunden von p-HBT entsteht, bewirkt durch Hem-
mung des Jodierungsprozesses einc Stérung der Bildung des Schilddrisenhormons
{fiCNa - Ionen haben den gleichen lonenradius wie JB - Ionen (72,81, 92), Rhodanide
wirken auch blutdrucksenkend (72)] .
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Die Frage, ob die Milch von einseitig mit Pflanzen von Brassica-Arten gefiit~
terten Kilhen, wegen ihres Rhodanidgehaltes auf die Menschen kropf{erregend wirken
kann, wurde von Virtanen et al. (82,93) nach eingehenden Untersuchungen ver-
neint.

Wie einleitend erwihnt, befasste sich die vorliegende Arbeit mit der Unter-
suchung der Entstehung und Stabilitét von p-HBI im Tafelsenf. Diese ergab zusam-
menfassend, dass im ein- bis zweiwtchigen gelagerten Tafelsenf kein p- HBI mehr
vorhanden ist und die Zersetzungsprodukte kaum zum Geschmack desselben beitra-
gen. Die Zersetzungsprodukle des p-HBI, p- Hydraxybenzylalkoho! und Rhodanid
(vus 1 g Samenmehl entsteht 7-8 mg scN® ) haben zwar antithyreotische Wirkungen
(72,91, 92), jedoch werden bel normalem Verbrauch von Tafelsenf keine schidli-
chen Mengen eingenommen.

Die Verwendung von Samenmehl (Sinapis alba L.) zur Tafelsenfherstellung be-
wirkt keine anhaltende Schirfe des Senfs, da das p-HBI wegen seines labilen Charak-
ters nicht stabilisiert werden kann. Dieses Samenmeh! dient deshalb im Tafelsent
technologisch nur als Verdickungsmittel.

Das Vorhandensein von Sinapis alba L. Samenmehl im Tafelsenf kann durch
dlinnschichtchromatographischen Nachweis von p- Hydroxybenzylalkohol (X) bestimmt
werden und die quantitative Rhodanidanalyse erlaubt, die urspringliche Menge Samen-~
mehl im Tafelsenf zu berechnen.
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$. EXPERIMENTELLER TEIL

31i. 8ynthese von p-Hydroxybenzyl-isothiocyanat

$11. Darstellung einfacher Arylisothiocyanate

Im folgenden wird dic Herstcllung einiger aromatischer Isothiocyanate nach den
Vorschriften von Slotta und Dressler (18) beschriebcn. Die Ammonium-aryl-
dithiocarbaminate wurden jeweils durch folgende Ammoniakbestimmung analysiert:

Eine abgewogene Menge Ammoniumsalz wurde in eine Gaswaschflasche ge-
bracht und daraus mit 20 - 30 ml 2 %-iger Natronlauge Ammoniak freigesetzt, wel-
ches mit getrockneter Luft (konz. Schwefelslure) in 100 ml 0, 05 N Salzslure tiber-
getrieben wurde. Die Apprratur hesiand aus dret miteinander verbundenen Gaswasch-
flaschen, durch die wihrend der 1U-stlindigen Analyse miitels einer Wasserstrahl-
pumpa Luft gesaugt wurde. Die Methode wurde zuerst mit genau eingewogenem Am-
moniumchlorid geeicht, wobel man 98,5 % dor eingewogenen Menge wiederfand.

Fiir die Umsetzung der Ammonium-aryldithiocarbaminate mft Phosgen, benlitz-
te man einen 100 ml Dreihalskolben, welcher mit einem KPG-Rihrer, cinem Tropt-
trichter und einem Riickflusskiihler mit Gasableitungsrohr versehen war. Die Um-
setzungen sind in Tabelle VII zusammengestellt, die Ausbeuten sind alle auf dic Ami-

ne bezogen.

Tabelle VI Synthese von Arylisothiocyanaten

Amine Ammoniun-dithiocarbaminate Iscthiocyanate
R-NH, R-NH-C55° NH @ R-NC8
R~
Ausg.- | Ausbeute Smp. NH 10 - Ausbeute  Sdp.
Menge Gehalt
o 3 o
@ | @ B4 MW | @ M Pd
Phenyl- 8,3 18,5 89 95 98 10,2 75 221
Benzyl- 10,17 14,1 71 118 87 8,9 60 225
- Smp.
P’p’;‘;:l‘;'f_‘? 12,3 17,1 80 88 99 11,6 70 21
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312, p-Hydroxyphenyi-isothiocyanat

16,2 ¢ sublimiertes Aminaphenol (150 mMol), Smp.: 183 - 184° C, wuarden mit
92 ml Methanol schwach erwirmt und mit 18 ml konz. Ammoniak (spez. Gew. 0, 91)
versctzt (1/10 der in der ursprilnglichen Vorschrift angegebenen Menge Ammoniak).
7uin Reaktionsgemisch wurden unter stindigem Rithren 12,6 g Schwefelkohlenstoff
rugegceben, Das p- Aininophenol ging in Ltisung und nach weiteren 10 - 20 minitigen
RUhren schieden sich beim Abkihlen gelbliche Kristalle aus. Man erhielt 25,7 g
(65,4 %) Ammonium-p-hydroxyphenyldithiocarbarutnal, Sinp. 102° C, Ammonium-
gehalt 98 § der Theorle,

10,1 g Ammoniumsalz (50 mMol) wurden in 10 ml Benzol suapendiert, lang-
eam auf 50° C erwdrmt und unter Lriftigem Riihren tropfenweise mit 27,5 m] Benzol-
Phosgen-Losung versetzt. Wihrend der halbstilndigen Umsetzung wurde die Farbe
des Reaktionsgemiaches gelb. Das {iberschilssige Phosgen wurde durch die Apparatuz
gesaugt. Das Ammoniunichlorid wurde abgenutscht, mit Benzol gewaschen und die
Benzolldsung fraktioniert destillicrl, Das reine Isothiocyanat destillierte zwischen
165 und 170° C bel 10 mmHg, Ausbeuts 4,8 g (55 %). Das p- Hydroxyphenyl-iscthio-
cyanat erstarrte bei Raumiemperatur zu einer weissen, fettigen kristallinen Masse,
£rp. 40 - 42° €, nach dem Umkristallisieren aus heissem Petrolither welsse Nadeln
mit Smp. 48 - 50° C (Lit. (18) 43 - 44°C).

Bel einer zweiten Umsetzung von 10,1 g Ammoniumsalz mit Phosgen wurde die
Benrolltsung zur Trockene eingedampft und das Isothiocyanal in heissem Petrolither
gelsst und kristallisiert, Ausbcute 4,1 g (46,4 %), Smp. 49% C.

p~ Hydroxyphenyl-isothtocyanat 18t in Acther sehr gut, in Alkohol und Benzul
weniger gut 18slich. Es besttzt einen schr schirfen Geschmack und erzeugt auf der
Raut sogar bel groaser Verdiinnung langsam hetlende Blasen.

Das p- Hydroxyphenyl-isothiocyanat wurde auch nach der Staab'schen Methode
(12) wie folgt dargestelit:

Zunichst wurden 8 g gelbes kristallines N N'-Thiocarbonyl-di-imidazol (V)
aus 12,3 g (180 mMol) Imidazol und §,2 g (45 mMol) Thiophosgen hergestellt, Aus-
beute 75 %, Smp. des Rohproduktes 96° C.

8 g (17 mMol) NN'-Thiocarbonyl-di~imidazol (V) (Rohprodukt) wurden in 50 ml
#thanolfreiem Chloroform geldst und diese Ldsung zu ciner Aufschlémmung von 1,83 g
(17 mMol) sublimiertem p- Aminophenol in 30 ml Chloroform getropft. Das Gemisch
wurde bei 0° C und unter Stickstoff zwei Stunden gertihrt. Das Amin 18ste sich und
bildete cin griinliches Ocl, welches abgetrennt wurde. Aus dem Oel (1,7 g} konnle
durch Tetrachlorkohlenstoff- und Petrolitherextrakiion 1,3 g (51 %) kristallines
p-Hydroxyphenyl-isothiocyanat mit Smp. 47T -~ 48° ¢ gewonnen werden.
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N-p- I{ydroxyphcnylthloharnstnq wurde aus je 300 mg p- Hydroxyphenyl-isothio-
cyanat (2 mMol) auf zwei verschiedene Arten hergestellt. Das Isothiocyanat wurde
einerseits in 30 ml absolutem Benzol mit trockencm Ammoniak, andererseits in
0,3 ml absolutem Aethano! und mit 0, 8 ml konzentriertem Ammonigk umgesetzt.

Es resultlerten weisse, schuppenartige Kristalle. Man erhielt 260 mg (78 %) nach
der ersten und 250 mg (15 %) nach der zweiten Methode, Smp. 216 - 218° C.

313, p-Hydroxybenzaldoxim (H)

Das p-Hydroxybenzaldoxim wurde nach einer Vorschrift von Kjaer und
Rubinstein (4) bereitet. Zu einer Suspension von 95 g p-Hydroxybenzaldehyd
(770 mMol) und 81,5 ¢ Hydroxylamin-hydrochlorid in 500 ml Wasser wurde eine Lb-
sung von 40,5 g Natriumhydroxyd in 320 ml Wasser gegeben. Das Reaktionsgemisch
wurde mit soviel Alkohol versetzt, bis eine klare Lsung entstand., Die L¥sung wurde
unter Riickfluss wiihrend einer Stunde zum Sicden erhitzt. Das Aethanol wurde im
vakuum abgedampft und die wissrige Phase 1 mal mit 200 ml und 3 mal mit 100 ml
Aether extrahiert. Der Aetherextrakt wurde mit Natriumsulfat getrocknet und der
Acther eingedampit. Das rohe p-Hydraxybenzaldoxim wurde aus 6000 ml Benzol um-
kristallisiert, wobei man 68,8 ¢ (64,5 %) kristallines Produkt mit Smp. 109 - 112°C
erhtelt. Aus der Mutterlauge wurden weltere 8,3 g Substanz gewonnen.

314. p-Hydroxybenzylamin (IV)

Das Oxim (II) wurde nach folgender Modifikation der Vorschrift von Ott und
Zimmermann (34) katalytisch hydriert. Zu efner Lisung von 7,5 g bzw, 15,0 (1D
in 375 ml 96 5-igem Alkohol wurden 10 ml konz. Salzsiure und verschiedene Mengen
PJO, Pd-Kohle- 5 und 10 % gegeben. Das Reaktionsgemisch wurde bei Raumtempera-
wr unter klelnem Wasserstoffilberdruck geschiittelt. Nachdem keine weitere Wasser-
stoffaufnahme mehr eintrat, wurde durch Celit filtriert und das Filtrat auf ein kleines
Volumen im Vakuum eingeengt. Nach Zugabe von Aether achied sich das kristalline
p-Bydroxybcmylamtmhydrochlorld () aus.

Die Resultate der verschiedenen Hydrierungen sind in Tabelle I zusammenge-
stellt (siche Seite 16).

Die p- Hydroxybenzylamin- hydrochlorid-Kristalle (I} waren bet der PdO-Uvd-
rierung farblos, wihrend sie bei der Pd-Kohle~-Hydrierung ritlich gefiirbt waren,
Smp. 186 - 188° C. Die in der Literatur angegebene Ausbeute betrug T4 % und der
Sn.p. 190 - 181° C. 15,5 g I wurden in etwas Methanol geldst und mit der berech-
nelen Menge konz. Ammontakldsung (20,4 ml, 23 4-ig) in das Amin Uberiiihrt. Man
erhielt 10,8 g (90 %) iai’bloses, kristallines Amin (IV), smp. 99 - 102° C.
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$15. Ammonium-p-hydroxybenzyl-dithiocarbaminat (vI)

In zwel Ansftzen wurden je 2,5 g (20 niMol) pulveristertes p-Hydroxybenzyl-
amin (IV) mit 3 ml Methanol vermischt und n.it 2,4 ml konz. Ammoniak leickt er-
wirmt. Unter kriiftigem Rihren wurden portionenwelse 1,68 g Schwefelkohlenstoff
zugegeben. Nach 1/4 Stunde Rihren ging alics Amlin in Lisung, nach einer welteren
viertelstunde Rilhren wurde die L8sung mit Aether versetzt. Ein Teil des gebildeten
Ammoniumsalzes (VII) fiel darauf sofort aus, der Rest kristallisierte bei -5° C itber
Nacht aus. Nachdem die Kristalle mit kaltem Aether gewaschen wurden, erhielt man
3,14 g (11,5 %) und 3,2 g {13 %)} schwach gelbliches Vo, Smp. 117 - 120° ¢ (Zer-
setzung), Ammoniumgehalt von VII 88 % der Theorle.

1,25 g Amin (fV) (10 mMol) wurden in 10 ml Methanol und 30 ml Aether aufge-
16st. Unter starkem Rilhren siittigte man die Lisung mit trockenem Ammoniak und
tropfte 0, 84 g Schwefelkohlenstolf, geldst in 10 ml Aether, zu. Nach einstiindiger
Reakiionszeit entstand eine gelbe Ldsung die zur Trockene eingedampft wurde. Man
erhielt 1,98 g (90 %) einer gelben, kristallinen Masse. Dieses Rohprodukt enthiclt
84,5 % ammoniumhaltiges Salz, es wurde aus Aethanol- Aether umkristalligiert,
wobel 0, 92 g weisses, kristallines VI mit Smp. 116 - 118° C ausfiel, Ammonium-
gehalt 97 % der Theorie.

3$16. p-Hydroxybenzyl-isothiocyanat

8,54 g (30 mMol) Ammonfum- p-hydroxybenzyl-dithiocarbaminat (VII) wurden
in 30 m] Bensol aufgeschlinnmt und auf 40 - $0° C erwlirmt. Unter stindigem Rihren
wurden 15 ml Phosgen-Benzol-Lésung (3 g Phosgen) wihrend 15 Minuten portionen-
weise zugetropft, Das Reaktionsgemisch wurde weitere 15 Minuten gerlhrt und abge-
kUhlt. Zur Entfernung von iiberschiissigen: Phosgen wurde wihrend 30 Minuten Stick-
stoff durch den Apparatl geleitet. Der benzolunlésliche Teil wurde abgenutscht, mit
Benzol gewaschen und getrocknet; er wog 5,83 g. Das Filtrat wurde am Diinnschicht-
verdampfer zur Trockene eingedampft und das p-HBI mit warmem Petrolaether
(30 - 40° ©) herausgeldst. Die Petrolitherl8sung wurde bis zur Tritbung eingeengt
und schied bei -10°¢C p-HBI in Form von farblosen Nadeln aus. Der Petrolither wurde
unter Ausschluss von Luftfeuchtigkeit abgesaugt. Die getrockneten Kristalle wogen
520 mg (16,4 % bez. auf das Ammonfumsalz) und schmolzen unscharf zwischen
36 - 38° C. :

2,2 g (10 mMol) Ammoniumsalz (VII} wurden bei 20° C mit Phosgen unter den
obigen Bedingungen umgesetzt. Nach dem Trocknen erhielt man 180 mg kristallines
p-HBI (10,7 % bez. auf Anmoniumsalz), Smp. 36 - 38° c.
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0,87 g VI wurden in 30 nil Benzol aufgeschlimmt und vnter kriftigem Rihren
bei 0° C wiihrend 15 Minuten mit 0, 8 g Phosgen (geldst in Benzol) versetzt. Die
Peaktion wurde eine Stunde unter Ausschluss von Feuchtigkeit unter Stickstoff aus-
gefiihrt. Nach Entfernung des Phosgens mit Stickstoff wurde das Reaktionsgemisch
filtriert und das schwach gelbliche Filtrat sofort auf Isothiocyanat-Gehalt analysiert,
es enthielt 75 mg-HBI1. Der Niederschlag wurde noch einmal mit Phosgen umgesetat,
da vermutet wurde, dass die vorher angewandte Reaktiunszeit zu kurz war. Nach
einer Reakilonszeit von 2,5 Stunden wurden im Filtrat weitere 62,2 mg p-HBI ge-
funden. Die Benzolldsungen wurden vereinigt und wie obzn aufgearbeitet. Aus Petrol-
#ther wurden 105 mg (14,2 %) reines p-HBJ mit Smp. 38° ¢ erhalten.

2,1 g (17 mMol) p-Hydrexybengylamin (IV) wurden nach Staab und Walther
(12) mit 3 g (17 mMol) NN'-Thiocarbonyl-di-imidazol (V) unter den gleichen Bedin-
gungen wie beim p- Hydroxyphenyl-isothiocyanat beschrieben, umgesetzt. Man ver-
suchte aus den Sligen Endprodukten das p~HBI mit Petroliither zu extrahieren,
konnte jedoch kein kristallines p~HBI erhalten. Ein Diinnschichtchromatogramm -~
zeigte aber eindeutig, dass sich wihrend der Umsetzung p- BBI gebildet hat.

Eine p~-HBI-haltige Benzolltsung, erhalten durch Umsetzung von 5 g (25 mMol)
8alz (VII) mit Phosgen, wurde im Diinnschichtverdampfer auf einige ml eingeengt
und im Kugelrohr unter Hochvakuum destilliert. Die anféinglich brédunliche Fliissig-
keit begann sich bei 110° C zu zersetzen unter Bildung weisser DEmpfe. Die Flilssig-
keit erstarrte zu etner gelblich-briunlichen Masse, die nicht mehr destillicrbjr war
(erhitzt bis 250° C). In der Kugel summelte sich ein gelber harzartiger Stofi, der
in Aether unldslich, in Alkohol 18slich war, er wurde nicht weiter untersucit.

Der benzolunltsliche Teil aus einer Umsetzung von 3 g Ammoniumsalz (V)
mit der aequivalenten Menge Phosgen wurde nach 1/2 Stunden Reaktionszcil quanti-
tativ abgenutscht, mit Benzol gewaschen und 20 Stunden im Vakuum getrocinet. Das
golblich-welsse Pulver (2,8 g) wurde mit 100 ml heissem Wasser auggezogen und
nochmals abgenutscht. Zuriick blicben I, 814 g einer farblosen, wasser- und benzol-
unlbslichen Substanz mit Smp. 80 - 90° C.

Das aus den verschiedenen Ansitzen erhaltene p-HBI wurde vereinigt und
gweimal aus heissem Petroliither umkristallisiert, wobei farblose iNadeln erhalten
wurden, die bei 41 - 42° C scharf schmolzen. Die Kristalle wurden 24 Stunden im
Hochvakuum getrocknet und analysiert.

C% H% N% 8%
Mikroanalyse Gef.: 57,27 4,55 8,18 18, 80
CgH,ONS Ber.: 58,18 4,27 5,48 19,41
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N-p-hydroxybenzyl-N'-henvithioharnstolt {IX) wurde einerseits aus p- Hydro-
xyhonzylamin (IV) andererselts aus p-HBI dargestellt.

0,53 g (4 mMol) Amin (IV) wurden in 40 ml Aethanol aufgeltst und mit 0,64 g
Phenyl-isothiocyanat unter Riick{luss vine halbe Stunde gekocht. Nach Kiihlen und
Zugabe von Wasser schied sich das weissc kristalline IX aus, das abgenutacht und
drefinal nus wissrigem Alkohol umkristallisiert wurde, 8mp. 166° C, Lit. (4)

187 - 168° C.

260 mg (1,8 mMol) synthetisches p-HBI wurden in 3 ml Aether gelbst und mit
einer Lbsung von 150 mg Anilin in 1 n.l Aether tropfenweise versetzt. Es wurde 24
$tunden bel Zimmertemperatur geschittelt, der Aether abgedampft und der Thioharn-
stoff (1X) zweimal aus verdiinntem Acthanol unkristallisiert, Smp. 166 - 167° C.

Umsetzong von p- HBI mit Ammoniak:

248 mg (1,5 mMol) p-HBI wurden in Petroldther geldst und mit trockenem
Ammoniak umgesetzt. Es rcsultierte eln volumindser weisser Niederschlag, welcher
abgenuischt und mit Petrolither und Benzol gewaschen wurde. Das Produkt (110 mg)
wurde aus Alkohol-Wagser zweimal umkristallisiert. Man erhielt 75 mg farblose
Kristalle, Smp. 119° C.

Da die Substanz keinen Stickstoff erhielt, konnte cs sich nicht um den zuniichst
vermuteten N-p-hydrosybenzylthioharnstoff handeln. Dic Diinnschichtchromatographio
ergab, dass die Substanz mit p- Hydraxybenzylalkohol (X) identisch war. Der Miach-
schmelzpunkt mit reinem X ergab keine Depression. Die erhaltens Menge von 78 mg
entspricht einer Ausbeute von 40,3 %, p-Hydroxybenzylalkohol (X).

8$2. Dinnschichtchromatographie von aromatischen Isothiocya-
naten und ithren Zersetzungsprodukten.

Pel allen Versuchen wurde stets in den mit Laufmitteldimpfen gesﬂttlg'ten
Trennkammaern aufsteigend chromatographiert. Bei der Auswahl geeigneter Diinn-
schicht-, Sprih- und Laufmittel wurden die in der Literatur beschriebenen (37) Be-
dingungen und Konzentrationen angewandt. Ausser in den Vorversuchen wurde spiiter
immer Kieselgel G {Camag, Muttenz/Schweiz) als Diinnschichtmittel verwendet,
welches etwa 0,5 mm dick auf dte Platten aufgetragen wurde. Dile beschichteten Plat~
ten wurden 30 Min. bet 10:° ¢ getrocknet und bls zum Gebrauch im Exsikkator uber
Silikagel aufbewahrt.
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Die Substanzen wurden mittels Mikropipetten in Mengen zwischen 16 - 100 p}
aufgetragen. Die Laufstrecke betrug durchschnittlich 15 cm. Nach Markierung der
Grenzlinie wurden die Chromatogramme zuerst § Min. bet 165° C getrocknet, an-
schliessen mit 1 ‘%~ iger alkoholischer Lisung von 2, 6-Dichlor-chinon-chlorimid
(Merk), nachher mit 2 N- -Nairiumcarbonatldsung bespriht.

Die Ri-Werte der einzelnen Substanzen wurden sofort nach der Entwicklung
der Chromatogramme berechnet. Da die Rp-Werte bei der Dinnachichtchromatogra-
phie nicht genau reproduzierbar sind, wurden die einzelnen Flecken stets mit Hilfe
von Vergleichssubstanzen identifiziert. |

Vergleichssubstanzen und ihre Re-Werte:

p- Hydroxybenzylulkohol {X) (Fluka AG.) Umkrist. aus Alkohol-Wasser,
Smp. 118 - 120° C, DC-rein. Rg-Werte: U, 22 - 0, 36; Durchsachnitt: 0, 23.

4, 4'-Dihydroxydiphenylmethan (XI) wurde nach Staedel (94) und Egli (9%)
horgeatellt, farblose Blillchen, smp. 1559 C, DC rein. Re-Werte: 0,33 - 0,40;
Durchschnitt 0,37.

p-HBI synthetisches und isoliertes aus dem Bamen, DC rein. Ry-Werle:

G, 47 - 0,57; Durchschnitt: 0,50,

33. 1solierung von p-Hydroxybenzyl-isothiocyanat aus Samen
von Sinapis alba L.

331, Sanenmaterial

Alle Untersuchungen wurden mit einem handelsiiblichen fetthaltigen Samenmehl
von weissem Senf (Sinapis alba L.) der Firma J.J. Colman Ltd., Norwich,
England, durchgefiihrt.

332. Entfettung und Entglucosidierung von Sinapis alba L. Samenmehl

Zur Warmextraktion wurde ein gewthnlicher Soxhlet-Extraktor verwendet, in
dem dic Extraktion jewetls beim Siedepunkt des betreffenden Ltsungsmittels vor sich
ging.

Beim Kaltextraktionsveriahren konnte immer zwischen 10 - 15° C extrahlert
werden, da die Lésungsmitteldimpfe keine Erwirmung des Extraktionsgutes bewir-
ken konnten. Der Kaltextraktionsapparat (Fig. 11) bestand aus cinem mit Losungs-



- B1 -

mittel gefilliten Destillationskolben (D), von dem das LSsungsmitiel durch Destilla-
tion tiber ein senkrechtes 1.5 m langes Steigrohr (S) in einen wirksamen Kithler (K)
gelang. Aus dem Kihler tropfte das auf 16 - 15° C gekiihlte Ltsungsmittel direkt auf
das in elnem gewdhnlichen Soxhlet- Extraktor (E) befindliche zu extrahierende Samen-
mehl. Sobald das Ldsungsmittel die Abflugshthe errcichte, floss es durch ein mit
Zweiweghahn (Z) versehenes Rohr (R) wieder in den Destillationskolben (D) zuriick.
Da dieses Rohr in den unteren Teil des Destillationskolbens (D) fuhrte, konnten die
Lisungsmitteldimpfe nur den vorher heschricbenen Wep passieren. Der ganze Appa-
rat wurde ausser einer kleinen Oeffnung (O) beim Ucbergangsstiick zwm Soxhlet- Ap-
parat (E) durch Schliffe hermetisch abgeachlosaen, es ergab sich somit eine konti-
nulerliche Kaltextrakiion. Beim Zweiweghahn (Z) konnte jewells eine kleine Probe
entnommen werden um das Fortschreiten der Extraktion zu kontrollieren. Die Ter-
peraturen wurden sowoh! im Extrakijonsgut (Tz) wie im Destillationskolben (D),
(T,) kontrolliert, wobei die Teraperatur bei L jeweils etwa dem Siedepunkt des be-
treffonden Lésungsmittels entsprach. Sowohl belm Warm- wie beim Kaltextraktions-
verfahren dauerte die Extrakiion drei Stunden. Es wurden jeweils 10 g Samenmehl
und 1000 ml Lisungsmittel verwendet. DDag extrahierte Mehl wurde in der Hiilse (H)
tiber Nacht am Wasserstrahlvakuum im Exsikkator getrocknet und gewogen. Dfe im
Destillationskolben (D) zuriickgebliebenen Extrakte wurden qualitativ untersucht, um
die von den betreffenden Losungsmitteln geldsten Substanzen zu bestimmen. Die ge-
trockneten Senfsamenmehle wurden auch qualitativ auf Myrosinase- Aktivitlit geprift.
Die Resultate der Vorversuche sind in Tabelle Il zusammengestellt (siehe Seite 31).
Dtie Verwendung eines grisseren Soxhlet- Extrakiors erlaubte die Extraktion
von 350 - 400 g Samenmehl. Dieses Samenmehl wurde zuerst mit 2600 ml Petrol-
dther (Sdp. 30 - 50° C) wiihrend acht Stunden bef 13 - 14° C entfettet. Anschliessend
wurde das Mehl samt Hiilse im Wasserstrahlvakuum getrocknet und gewogen, um den
extrahierten Teil, der vorwiegend aus Pflanzenfctt bestand, quantitativ zu ermitteln.
Das Samenmehl wurde dann mit 2006 m} Methanol withrend acht Stunden bei 16 - 17° ¢
entglucosidiert, wieder getrocknet und gewogen. Dic Resultate der Extraktion sind
in Tabelle IV zusammengestellt (slehe Seite 32).



Figur 11 Modifizierte Soxhlet- Apparatur flir Kaltextraktion
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333. Darstellung von Myrosinase- Trockenpriparaten

64, 4 g getrocknetes, entfettetes Senfsamenmehl, entsprechend 100 g unbehan~
deltem Mehl, wurden mit je 300 ml destilliertem Wasser bei Zimmertemperatur
zweimal eine halbe Stunde extrahiert. Die wiissrigen Auszlige wurden filtriert und
zentrifugiert. Aus den klaren Extrakten wurde die Myrosinase durch Acetonfillung
(30 - 70 %) gewonnen. Das ausgefallene Enzym wurde abzentrifugiert, in 200 ml
destilllertem Wasser aufgeldst, 48 Stunden dialysiert, erneut zentrifugiert und die
klare Lbsung anschliessend lyophilisiert, Ausbeute: 1,5 g weisses, flockiges Enzym-
priparat.

Der gleiche Versuch, durchgefithrt bei 0 - 4°c ergab 1,3 g Enzympriiparat.

In etnem dritten Versuch wurde Myrosinase ebenfalls bel 0 - 4° C durch Ace-
tonfillung zwischen 30 - 40 % gewonnen. Das lyophilisierte Znzympriparat (545,3 mg)
erwles sich bedeutend aktiver als die beiden ersten. Die Axtivitiit der verschiedenen
Myrosinase- Priparate wurde nach Schwimmer (71) durch die Abnahme der op-
tischen Dichte einer Kallum-allylglucosinolat-(8inigrin)- Losung (1,9 MMol/ml) als
Funktion der Zeit gemessen. Aus dem Verlauf des enzymatischen Abbaus des vorge-
legten Benfdlglucosids wurde die Akiivitiét der Myrosinase qualitativ ermittelt.

334. Isolierung von SeniBlglucosiden

Sinapin-p- hydraxybenzylzlucosinolat (Sinalbin) (XVI) wurde nach einer Vor-
schrift von Schneider (3) dargestellt.

Aus 200 g entfettctem Samenmehl wurden nach Umkristallisation aus Alkonol-
Wasser 4,4 g Sinapin-p-hydroxybenzylglucosinolat . 51{20 als schwach gelbliche
Kadeln erhalten. Ausbeute: 13,5 % bezogen auf den Senfblglucosidgehalt des Samen-
melds, Smp. 84% C. Nach dem Trocknen beim Hochvakuum wihrend vier Tagen ver-
loren die Kristalle 4 Molekille H,O und schinolzen bei 120° C. ’

Kallum-p~ hydroxybenzylglucosinolat

2000 ml methanolische Senftilglucosidl8sung, erhalten aus 145 g entfettetem
Samenmehl (Kapitel 332.), wurden zur Trockene eingedampft und der Rickstand in
1500 m] destilliertem: Wasser aufgenommen. Dic wissrige Lisung wurde auf eine
Amberlite [R - 4B Kolonne (1,5 x 35 cm) (CI®) gegeben. Die Durchlaufgeschwindig-
keit des Senfdlrlucosid- Extraktes betrug 200 ml pro Stunde. Die glucosidireie Lbsung
wurde in 100 ml-Portionen aufgefangen und im UV aul eventuell durchgehendes p-Hyd-
raxybenzylglucosinolat (XVI) gepriift. Das Perkolat war klar, schwach gelblich,
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reagierte neutral und enthielt kein Senftiglucosid mehr, sondern nur Sinapinchlorid.
Die Kolonne wurde mit 400 mi destililertem Wasser gewaschen.

Die Abldsung des Glucosids erfolgte mit 0,5 N Kaltumhydroxyd bis in dem
Eluat dic erste alkalische Reaktion wahrnehmbar wurde. Das Eluai wurde dann bei
30° C am Dinnschicitverdampfer zur Trockene eingedampfl. Der briunliche, gunm-~
miartige Rickstand wurde dreimal mit je 50 m} heissenm: Pyridin extrahiert. Der Py-
ridin- Extrakt wurde am Vakuum eingedampft und ergab 10 g rohes Kalium-p-hydroxy-
benzylglucosinolat. Das Rohprodukt wurde in absolutem Methanol aufgeltist und mit
Altivkohle entfirbt. Aus heissem 90 %-igen Alkohol erhielt man das Endprodukt als
weisse, amorphe Substanz, Swmp. 148% C unscharf, Ausbeute 4,5 g (33,8 % bez. auf
den Senftiglucosidgehalt des S8amenmehils).

Kalium-allylglucosinolat {Binigrin) wurde nach Stoll und Sebeck (96) aus
3 kg Meerettichwurzeln isoliert. Man erhielt 12, 9 g rohes Sinigrin, welches aus
wissrigem Alkohol 8, 8 g farbloses, kristallines Sinigrin ergab, Smp. 128° ¢, dex
Mischschmelzpunkt mit reinem Kalium~allylglucosinolat (Fluka AG.) ergab keine
Depression,

Kalium-allylglucosinolat wurde auch aus entfettetem Brassica nigra S8amen-
mehl durch Methanol- Extraktion und Ionenaustauschchromatographie wie bei Kalium-
p-hydroxybenzylglucosinoclat beschrieben, erhalten, Smp. 128° C.

Tetramet hylammonium- p-hydroxybenzylglucosinolat wurde von der California
Corp. for Biochem. Res., Los Angeles (USA), bezogen, Smp. 101 - 192° ¢ (zers. ),
analytisch rein.

Sinapinrhodanid wurde aus der eingeengten Sinapinchloridlsung (Durchlauf der
Amberlite IR-4B Kolonne beim Austausch von Sinapin durch Kallum) durch Kalium-
rhodanidzusatz gewonnen, Smp. 1718% c.

335. Senfblglucosidbestimmung mittels Titration

3351, Analyse von reinen senfdiglucosidhaltigen L8sungen

Aus 3,8 x 108N (3, 8 pMol/ml) wlssriger Kalium-allylglucostnolat- Lisung
sowie aus 10'3 N (1, 0 iMol/ml) wilssrigen Sinapin-, Kalluin- und Tetramethylam-
monium- p- hydroxybenzylglucoainolat- Lsungen wurden jewells 10 mil mit ebenfalls
10 ml wissriger Myrosinaseltsung (0,5 mg/ml) unter Rithren versetzt. Der sofort
beginnende pH-Abfall wurde durch stlindige Zugabe von G, 01-N Natronlauge kompen-
siert, der pH-Wert wihrend des enzymatischen Abbaus konstant auf 6 - 7 gehalten
und die verbrauchte Menge Lauge mittel_a einer Mikrobiirette gemessen. Die Titra-
tion wurde solange unter Stickstoff durchgeftihrt, bis der pH-Wert ohne Zugabe von
Natronlauge konstant blieb. Von jedem SenfSlglucosid wurden zwei Parallelanalysen
gemacht,



Durchschnittlicher Laugeverbrauch:
Kalium-allylglucosinolat 3, 76 ml, Salze von p- Hydraxybenzylglucosinolat:
Sinapin 1,02 ml, Kalium 0, 88 ml und Tetramethylamumonium 1,08 ml.

3352. p-Hydroxybenzylglucosinolatbestimmung des Samens von Sinapis alba L.

5 g gemahlener Samen wurde im Soxhlet drei Stunden mit 500 ml Petrolither
entfettet (Fettbestimmung). Die Extraktionshiilse wurde mit dem entfetieten Samen
einige Minuten ira Vakuum getrocknet und im gleichen Apparat mit 200 ml Methanol
drei Stunden weiter extrahiert. Der Methanolextrakt wurde dann im Dinnschichtver-
da.mptér zur Trockene eingedampft und der Riickstand in Wasser geldst, dle Lisung
mit Kieselgur filtriert und aul 100 ml aufgeftllt. 20 ml dieser L8gung wurden mit
etwa 5 mg aktiver trockener Myrosinase versetzt und der pH-Wert der Lisung
wiihrend des enzymatischen Abbaus mit 0,01 N Natronlauge unter stlindigem Rfilhren
bel pH 6 - T konstant gehalten.

Die vier Parallelversuche mit je zwel Titrationen ergaben folgenden durch-
schnittlichen Verbrauch von 0, 01 N Natronlauge in ml: 12,55 12,40 13,75 12,46,
Die Hesultate der Bestimmungen sind in Tabelle V zusammengestellt (siehe Seite 36).

336. p-Hydroxybenzylglucosinolatbestimmung des Samens von Sinapis alba L.
nach Ettlinger (65)

1 g S8enfsamenmehl wurde mit 5 m] Wasser und 100 ml peroxydfreiem Acther
drei Stunden bel Zimmertemperatur geschiittelt. Der Aether wurde dekaniert und
der Riickstand mit ctwas Aether gewaschen. Die vereinigten Aetherausziige wurden
2 mal mit 10 ml Wasser gewaschen. Der Aether wurde dann mit 25 ml und 2 mal
mit 10 ml 0, § N Natronlauge ausgeschiittelt. Die vereinigte, alkalisctien Ausuilge
wurden 15 Minuten bel Zimmertemperatur stehengelassen und anschlisssend vor-
sichtig mit 0,6 N Salpcterslurd neutralisiert. Die ncutralisierte Lbsung wurde 3 mal
mit 50 ml Aether gewaschen, und die wiissrige Ltsung auf dem Dampfbad erwiirml,
ums den Aether zu entfernen. Schliesslich wurde die Lsung abgekiihlt, filtricrt und
auf genau 100 ml aufgefiillt. Der Rhodanidgehalt der Lisung wurde kolorimetrisch
nach Barker (72) bestimmt:

Reagens:

50 g Ferrinitrat wurden in 500 m! Wasser aufgeltst und nach Zugabe von 25 ml
konz. Salpetersliure auf 1 Liter verdiiant.



Messung:

1 ml Lbsung wurde mit 2 ml Reagens voermischt und mit destilliertem Wasser
auf 10 ml verdinnt. Die optische Dichte wurde bei 470 mp gegen einen Blindwert
(8 ] deatilliertcs Wasser und 2 m] Reagens) gemessen.

Ausweytung:

Die optische Dichte der unbekannten Rhodanidltsungen wurde mit der optischen
Dichte von bekannten Verdiinnungen einer durch Vollhard-Tilration gegen Silbernitrat
standardisierter Kaliumrhodanidldsung verglichen (Eichkurve). Jedes mg Rhodanid
entspricht 2, 85 mg p-HBL

Es wurden vier Analysen durchgefithrt und von jeder Analyse vier Rhodanid-
bestimmungen ausgefithrt, von denen das arithmetische Mittel genommen wurde.

Ir. weiteren Untersuchungen nach der gleichen Methode wurde die enzymati-
gche Abbauzeit auf 1, 2 und 17 Stunden verlingert, sowie die Verselfungezeit varfiert
(60 Minuten ohae, und 30 Minuten mit kurzer Erwirmung auf 50° C). Die Resultate
sind in Tabelle V (Seite 36) zusammengestellt.

337. Isolierung von p- Hydroxybenzyl-isothiocyanat aus wisgsrigem und lyophilieiex -
tem Samenmehl von Sinapis alba L.

Je 100 g entfettetes Sanenmehl wurden bel 25° C mit je 30 ml Wasser zu einem
Brei gut verrlhrt und eine Stunde fermentiert. Zur Extraktion des gebildeten p~HBI
wurden in einem Fall 1200 ml Petrolither, im anderen 700 ml Chloroform zugesetzt
und mechanisch zu homogenen Emulgionen vermischt. Die Emulsionen wurden zentri-
fugiert, die Petrolither- bzw. die Chloroformlisungen vorsichtig herauspipetiext,
mit Natriumsulfat getrocknet und filtriert.

Eine Riickstandbestimmung von 25 ml getrocknetem Extrakt ergab, dass von
Petroléither insgesamt 1,21 g Substanz und von Chloroform 3,38 g gelbst wurde.

30 g Silikagel (Merk, 0,05-0, 2 mm) wurden in Petrolither aufgeschlimmt und
in ein Chromatographierohr von 22 mm Durchmesser eingefiillt. Der Petroldther-
extraki wurde tropfenweise auf die Kolonne gegeben, und mit 500 ml Petrolither
nachgewaschen. Man eluierte das p-HBI mit n/HKeptan/Benzol/Dioxan (2:3:2).
Fraktionen von 2 ml wurden mit einem automatischen Fraktionensammler aufge-
fangen. Bis zur Fraktion No. 30 waren die Fraktionen nacher farblos. Von den farb-
losen Fraktionen wurden je 10 pl auf einen Fillerpapierstreifen aufgetragen und mit
2, 6-DCC bespriiht. Die Fraktlonen, die stark blaue Flecken zcigten, wurden ver-
einigt und das L¥sungsmittel am Diinnschichtverdampfer abdestilltert. Der Rilckstand
wurde dann it 3 mal 300 ml Petrollither bei 40° C extrahiert und die vereinigten
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L5sungen bis zur Tribung eingeengt. Bel -10° C schieden sich innerhalb von 24
Standen weisse Nadeln mit dem Smp. von 38 - 40° C aus. Ausbeute: 370 mg (11,2 %),
tercchnet auf den theoretischen p-HBI-Gehalt des Samenmehls.

Der Chloroformextrakt wurde zunlichst auf 5 ml eingeengt und erst dann auf
die Sdule aufgetragen. Das p-HBl wurde gleich wie oben elujert. Die qualitativen
Resullate der Fraktionierung zeigten, dass die Fraktionen No. 16 - 35 die Begleit-
stoffe, No. 3% - 50 den grossten Tell des p-HBI enthielten. Bis zur Fraktion No. $0
konnten noch kleinere Mcngen p-HBI nachgewiesen werden. Die Fraktionen No. 35 -
50 wurden vereinigt und wic oben verarbeitct. Man erhielt ebenfalls weisse Nadcin,
Smp. 38 -~ 39° C, Ausbeute: 545 mg (18,5 %), berechnet auf ¢en theoretischen
p- HBI-Gehalt des Samenmehls.

100 g entfettetes Samemnnehl wurden mit 400 ml Wasser von 0° C im "Turmix"-
Apparat gemischt, wobei die Temperatur trotz kriiftigem Durchmischen nicht Uber
30° ¢ stieg. Nach einstlindigem Abbau bet Zimmertemperatur wurde das wissrige
Samenmehl wihrend 24 Stunden lyophilisiert. Das’ vollkommen trockene Produkt
wurde pulverisiert und unier Stickstoff wasserdicht aufbewahrt.

16 g lyophilistertes Samenmehl wurden in einem Soxhlet- Apparat mit Petrol-
tither bei 40° C so lange extrahiert, bis kein p- HBI mehr herausgeldst wurde (25
Stunden). Die hellgelbe Lésung wurde eingeengt, mit etwas Kicselgel G entfirbt
und filtriert. Bel -10° ¢ Kkristallisierte p-HBI in farblosen Nadeln, 8mp. 38 - 40°c,
Ausbeute: 35 mg (6,7 % bez. auf den theoretischen p-HBI-Gehalt des Samenmehls).

34. Zersetzung von p-Hydroxybenzyl-isothlocyanat

341. 7Zcreetzung von p-Hydroxybenzyl-15()thiocy:\nat in wissrigem Samenmeh! von
8inapis alba L.

In Reagensglisern von 8 ml Inhalt wurden 1 g fetthaltiges oder 0, 6345 g ont-
fetteles Samenmehl mit 5 ml destilliertem Wasser verriihirt und die verschlossenen
Réhrchen unter gelegentlichem Schiitteln verschieden lang bei Zimmertemperatur
stehen gelassen. Den Inhailt goss man sorgfiltig in einen Erlenmeyerkolben (500 ml),
wusch das Rohrchen mit etwas Aether aus und extrahterte das p-HBI mit 100 ml
peroxydirelem Aether durch cinstiindiges Schiitteln. Die Actherschicht wurde in einerm
Scheldetrichter dekantiert und das wiissrige Samenmehl noch zweimal mit 40 m}
Acther gewaschen. Der Actherextrakt wurde zweimal mit 10 ml destilliertem Was-
ser gewaschen und seln p- HBI-Gehalt nach der modifizierten Ettlinger'schen Methode
{Kap. 336.) bestimmt.
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Die wilsarige Samenmehlpaste, welche im Erlenmeyerkolben zuriickblieb,
wurde mit 40 ml destilliertem Wasser durchgeschilttelt, auf einen Faltenfilter ge-
splilt und in einem 500 ml Rundkolben filtriert. Der Erlenmeyerkolben wurde noch
mit weiteren 20 ml Wasser ausgewaschen. Das Filtrat und die Waschfliissigkeit
des Aetherextraktes wurden auf das Samenmehl im Faltenfilter gegeben und so die
Filtrate vereinigt. Das wilssrige Filtrat wurde am Dlnnschichtverdampfer vom
Aether befreit, auf 100 ml aulgefdilt und der Rhodanidgehalt kolorimetrisch (Kap.
$36.) bestimmt.

Um den Anfangsgehalt von p~-HBI und Rhodanid im fetthaltigen und entfettetrn
Samenmehl ru ermitteln, wurden 1,0 g bzw. 0, 8345 g Samenmeh! mit b ml Wa.:ser
und 100 m] peraxydireiem Aether drei Stunden geachdttelt und wie oben auf den
p-HBI- und Rhodanidgehalt analysiert. Die so gefundenen Rhodanidwerte wurden
den wiihrend des Abbaus erhaltenen Rhodanidmengen abgezogen, um das zusiitzlich '
nur durch die Hydrolyse des p- HBI entstandene Rhodanid zu erhalten.

Es wurden jedesmal gwei Paralleluntersuchungen und zu jeder Analyse vier
Rhodanidbestimmungen durchgefUhrt. Die Resultate sind in Fig. 7 - 10 graphisch
dargestellt (Seite 42 - 49).

342, Zersetzung vom p- Hydroxybenzyl-iscthiocyanat in lyophilisiertem Samenmehl
von §inapis alba L.

Je § g fetthaltiges und entfettetes Samenmehl wurden mit je 20 ml Wasser gut
vermischt, eine Stunde bel Zimmertemperatur stehen gelassen, eingefroren und
lyophilistert. Nach der Lyophilisation konnte im Wasserabscheider weder p-HBI noch
Rhodanid nachgewiesen werden.

Der p- HBI- und Rhodanidgehait des Samenmehls vor der Lyophilisation wurde
wie in Kapitel 341. beschrieben, nach elnstiindiger Hydrolyse ermittelt,

Der p- HBI- und Rhodanidgehalt des lyophilisierten S8amenmechis wurde sofort
nach der Lyophilisation sowie nach einem und nach drei Monaten folgendermassen
bestimmt:

1 g fetthaltiges, bzw, 0,8345 g entfettetes lyophiliertes Samenmehl wurden mit
5 ml Wasser und 100 m! peroxydfreiem Aether zwei Stunden geschiittelt. In der
Aetherphase wurde die p- HBI- Konzentration und in der wiissrigen Phase die Rhodanid-
konzentration nach Kapitel 341. bestimmt.

Die Resultate sind in Tabelle VI susammengestellt (8eite 46).

Den Herren dipl. Ing. -Agronomen K. Herrmann und G. Hrazdina sowle den Laboran-
ten R. Wehrli und A. Walter + danke ich fiir ihre wertvolle Mitarbeit.

Y



4. ZUSAMMENFASSUNG

1. p-Hydroxybenzyl-isothiocyanat {p-HBI), das scharfe Prinzip des welssen
Sentsamen (Sinapis alba L.) wurde erstmais in Form langer, weisser Nadeln (Smp.
42° C) sowohl durch Synthese aus p-Hydraxybenzylamin (Ausbeute 10,3 %) als auch
durch Extraktion und anschliessende priparative Sulenchromatographie aus fermen-
tierten Senfsamen gewonnen.

4. Das p-HBI ist eine sehr {nstabile Verbindung, es hydrolisiert in jedem
pH-Bereich primir zu p-Hydroxybenzylalkohol und Rhodanid. Der Reaktionsmecha-
nismus der Hydrolyse 15t analog demjenigen der hypothetischen Iscthiocyanate, die
intermedidr aus Glucobrassicin resp. Neoglucobrassicin entstehen.

3. Die Hydrolyse des p-HBI wurde in wissrigen, fetthaltigen und entfetteten
Samenmehl-Suspensionen quantitativ verfolgt. Beim fetthaltigen Bamenmehl betrug
die Hydrolyse nach 24 Stunden 30 %, beim entfetteten Samen dageégen 65 %. Nach
10 Tagen betrug die Hydrolyse in beiden Fillen Uber 80 % und nach 20 Tagen ent-
hielten die beiden Suspensionen praktisch kein p-HBI mehr.

4. Das untersuchte Samenmehl enthielt neben 36,5 % Pett 6,2 - 5,7 % Senf-
tiglucosid (p-liydroxybenzylglucostnoht), daraus bilden sich bel der enzymatischen
Spaltung theoretisch 2 - 2,2 % p-HBIL

5. Der Senftiglucosid-Gehalt wurde durch Titration des enzymatisch {reige-
setzten Hydrogensulfats sowie durch Bestimmung dea gebildeten p~HBI erinittelt.

6. Das Samenmeh! wurde nach einem Kaltextraktionsverfahren entfettet und
entglucosidiert. Das auf diese Welse extrahierte Samenmehl besass noch die volle
Myrosinase- Aktivitil. Aus dem entfetieten Samenmehl wurden hochakiive Myrosinase-
Trockenpriparate sowie Sinapin- und Kalium- p—hydroxybenzyl.glucosinolat darge-
stellt. Fermentation und anschliessende Lyophilisierung ergab eln sehr scharfes,
trockenes Gewlirzpulver in dem das p-HBI monatelange stabil blieb.

7. Die physiologische Wirkung der Zerasetzungsprodukte des p~-HBI wurde
diskutlert. Die Verwendung des Samenmehls von Sinapis alba L. zur Tafelsenfher-
stellung sollte wegen der leichten Zersotzlichkeit des p- HBI und der Rhodanidbildung
neu Uberpriift werden.



e s it

- 88 -

5. LITERATURVERZEICHNIS

1) P.J. Robiquet und F. Boutron, J.Pharmac.Chim. 17, 279 (1831).

2) H. Salkowski, Chem.Der. 22, 2137 (1889).

3) W. Schneider, Lauch- und Senfdle. Senftlglucoside. In G. Klein:
Handbuch der Pflanrenanalyse (1832).

4) A. Kjaer und K. Rubinstein, Acta Chem. Scand. B, 598 (1954).
5) Methoden der organischen Chemie (Houben-Weyl), EX, (1865).

6) §.J. Assony, The Chemistry of Isothiocyanates. tn N. Kharasch:
Organic Sulfur compounds Volume I, 326 (1961).

7} C.E. Serle, US. Pat. 2 462 433.

8) A. Rathke, Ann.Chem. 167, 218 (18178). _

9) G.M. Dyson, H.J. George, J.Chem. Soc. 125, 1702 (1924).

10) G. M. Dyson, Chem.Ind. 834 (1954).

11) G. M. Dyson und R. F. Hunter, Rec. Trav. Chim. 45, 421 (1926).
12) H. A. Staab und G. Walther, Ann.Chem. 657, 88, 104 (1962).
13) A.W. Hofmann, Chem.Ber. 1, 169 (1888).

14) F. B. Dains, R.Q.Brewster und C. P, Olander, Org.Synth.
Coll. Vol. I, 447 (1848).

15) A.W. Hofmann, Chem.Ber. 2, 452 (1869).
16) J. von Braun und H. Deutsch, Chem, Ber. 45, 2188 (1912).

17 E. Sehmidt, F. Zaller, F. Moosmiiller und E. Kammerl,
Ann.Chem. 588 230 (1954).

18) E. Behmidt
594, 233 (1855,

19) K. H. Slotta und H. Dressler, Chem. Ber. 63, 888 (1830).

20) R. Andreasch, Monatsh, Chem. 27, 1219 (1806) 31, 788 (1810).

21) L. Kaluza, Monateh. Chem. 30, M1 (1909) 33, 364 (1912).

23) BH. Nigele, Monatsh.Chem. 33, 048 (1912).

23) H. L. Wheller und G. H. Dustin, J.Am. chem.Soc. 24, 424 (1900).
24) M. L. Moore und F.8. Crossley, Org. Synth. 21, B1 (1941).

25) G.J.M. van der Kerk, C.W. Pluygers und G. de Vries,
Rec. Trav. Chim. 74, (1955).

26) A.W. Hofmann, Chem.Ber. 15, 985 (1882).

27 R. 8. Blll/, G.A. Perkins und W.L. Lewis, J.Am.Chem.Soc.
44, 2697 (1932).

28) J.N. Boxter, J. Cymeran-Craig, M. Moyle und R. A. White,
Chem. Ind. 785 (1954).

29) M. E. André, Ann Agron. 19, 784 (1948).
30) H. wWill und A. Laubenheimer, Am. Chem. 198, 150 (1879).

E. Kammerl, D. Ross und F. Zaller, Ann, Chem.

v



31)
32)

33)
34)
85)
36)

37)
38)
39)
40)
41)
42)
43)
44)
45)
46)

47)
48)
49)
50)
51)
52)
53)

54)
§5)

66)
57)
56)
68)
60)

61)
62)
63)

- 87 -

W. Schneider und F. Wrede, Chem. Ber. 47, 2038 (1914).

E. Svitek, R. Zahradnik und A. Kjaer, Acta Chem. Scand. 13,
442 (1959).

M. Pestemer und D. Laurer, Angew.Chem. 2, 812 (1960).
E. Ott und K. Zimmermann, Amn. Chem. 425, 314 (1821).
A. Jart, ActaChem. Scand. 15, 1223 (1961).

A. Kjacr, Naturally Derived Isothiocyanates and Their Parent Glucosides.
In Zechmeister: Fortschritte d. Chemie organ. Naturstoffe XVIll. 134,158 (1960).

Stahl, Diinnschichtchromatographie. Springer Verlag (1962).

Gmelin und A. 1. Virtanen, Ann.Acad.Sci.Fennicae, No. 107 (1961).
Zinner, Deut. Apotheker-Ztg. 98, 335 (1958).

Bussy, J.Pharmac.Chim. 26, 39 (1840).

will und W. Kbrner, Ann.Chem. 125, 257 (1863).

Boutron und E. Fremy, Ann. Chem. 34, 230 (1840).

Gadamer, Arch.Pharm. 235, 44, 83 (1897).

. Gadamer, Chem.Ber. 30, 2322, 2321, 2328 (1897).

W. Schneider und F. Wrede, Chem. Ber. 47, 2225 (1914).

?{9 s)chnelder, H. Fischer und W. Spechi, Chem.Ber. 63, 2787
30). -

H. Ter Meulen, Rec.Trav.Chim. 24, 444 (1905).

J. Gadamer, Arch.Pham. 237, 111, 507 (1899).

H. Schmid und P. Karrer, Helv.Chin.Acta 31, 1017, 1087 (1948).
O.E. Schultz und R. Gmelin, Arch.Pharm. 287, 342 (1954).

M.G. Ettlinger und A.J. Lundeen, J.Am.Chem. Soc. 18, 4172 (1956).
M.G. Ettlinger und A.J. Lundeen, J.Am,Chem.Soc. 79, 1764 (1857).

A. Kjaer, "The distribution of sulphur compounds" in T. Swain, Chemical
plant toaxonomy. 464 (1063).

R. Gmolin und A.1. .Virtanen, ActaChem. Scand. 18, 1378 (1962).

M.G. Ettlinger und G. P, Datcao jr. "Studies of Mustard Of! Gluco~
sides" Final Report. Contract DA 19-120<-QM-1059. USA. (1961).

H.V. Euler und 8. E. Erikson, Fermentforschung 8, 518 (1926).
C. Neuberg und J. Wagner, Blochem.Z. 174, 457 (1926).

C. Neuberg und O.v. Schtnebeck, Blochem.Z. 28685, 223 (1933).
M.Sandberg und O.M. Holly, J.DBiol.Chem. 98, 443 (1932).

Z. Nagashima und M. Uchiyama, Bull. Agr.Chem.8oc.Japan,
23, 553 (1959). :

C.D. Hurd und L. Bauer, J.Am.Chem.Soc. 78, 2781 (1954).
R.D. Geines und K. J. G&ring, Arch. Blochem. Biophys. 96, 13 (1962).

M.G. Ettlinger, G.P. Dateo jr., B.W. Harrison, T.J. Mabry
und C.P. Thompsron, Proc.Nat. Acad.Sci. (US.) 47, 1875 (1961).

Gl >0 BN



.

(th}

Gmelin, Disscrtation Univ, Tiibingen {(1954).

M.CG. Ettlinger und Ch. P. Thowmpson, vstudles of Mustard Oil
Glucosides" Final Report Contract DA 19-129-QM-1689 USA (1962).

P.
A.

Friis und A. Kjaer, Acta Chem. Scand. 117, 1915 (1963).
Kjaer, R. Guweclin und R.B. Jensen, Acta Chem. Scand. 10,

26 (19686).
M.G. Ettyinger und A.J. Lundecen, J. A, Chent, 8oe. 78, 1952 (1650).

x o T ®w R R

o]

Bailey und F.W. Norris, Biochen.J. 26, 1805 (1932).
Bailey, Biochem. J. 23, 2477 (1935).

Schwimmer, Acta.Chem. Scand. 14, 1439 (1960).

. %. Barker, J.Am.Med Ass. 106, 7062 (19306).

Cb. Schultz und R Gaelin, 2. Naturforsch. 9, 27 (1yb4).
_H. Bauer und A. Molle, Pharm, Z'tralhalle 78, 548 (1937).

Scheib, bBP IH.314 (1925).

Jacobson uud A, Frankenbacher, Chem. Ber. 24, 1405 (18901).

H.A. Merkle, US Pat. 1703 898
M.A. Greev, Arch Biockom Wiophy s, 84, 369 (1962).

A. Kjaer, . Gm clin und R.B. Jenscen, Acta Chonn seand. 10,
432, 1368 (1906). -
O. 1. Schuitz und W. Woapner, Arch Pharn. :’_‘W/_til U7 (1956).

W Wapner, Dissetiation, Univ. Tibingen (1900).

A.L. Virtancn, “Final Report on Ivestipations on the alleged rukrogenic

properties of witk". Bieches. Instital Helsinko {1863),

A
A

zZahradnik, Collection Ceecho Jhem Comnun. 24, 3407, 3422 (1950).
vahradnik, D. Viachova und J. K.outecky, Collection Czech.

Chem. Commun. 27, 23305, YE26 (1U62).

H.
J.
K

Sulser, Dissertation DT 1960 RIS

Gicrer und B, Alfredsson, Chem. Ber. U, 1240 (1u57).

Freudenbhery und j. K. Werner, Chon ber. 97, L9 (19064).

Povw . Sehwmrdt ownd U Marguardt, Zentr. Bakteriol. Puianitenk. 1,

18,

[S Foley Pood pes, by T (M0
) R

|
1o

104 {1030y,

Martin, & tobor, Deotsein Abadowiss, Berking No, 7o, (1660
Jironscw, Phoaiol Bebemolslov, by 316 (Yuh0).

2

Steineppeer und R Wiiny e ), bebrbae b der oadps Pheamkopnonte

}
S 418, 548 LU, spravper- Vel (1)

Pivroanen wid AL varlanen, 7. Frnchaangswisa, 3, Tie (1083)

Alaedel, Amn Chem. 2830 063 (18U}
Bell, Disserctiion )0 (80

Sloll und b Seebeck, Helv Chi Act, 31, 1432 {Vin)

»



LEBENSLAUF

Am 8. Miirz 1935 wurde ich in Budapest, Ungarn, geboren. Hier besuchte
ich die Primarschule und das Gymnasium, welches ich mit der Maturitltsprifung
im Friihling 1453 abschloss.

Nach rinjibriger Titigkeil im Staatlichen Forschungsinstitut fur das Leder-,
seluli- und Pelzgewerbe erhiclt ich das Diplom als Lihorant und begann im Herbst
1954 it dem Studium an der Agrarwissenschaftlichen Universitil in Budapest.

Ln Herbst 1955 setzte feh mein Studiwm an der Hochschule {ir Garten- und
Weinbau, Budapest, fort und zu Beginn des fiinften Semesters im November 10566
flilchtele ieh in die Sehwelz, wo teh unmittelbar das Studium an der Abtcitung fiir
Chemie der Bidpeafssischen Teolmaschen Hocliscbale, _'/,ijrich‘ begant.

Un Frithling 1961 erwarb ich dos Diplom eines Ingenieur-Chemikers und
arbeitete seither als wissruse haftlicher Mitarbelter am Agrikulturchemischen
Institut der Eidgendssischen Teehnischen Hochischule, wo ich die vorliegende

Promotionsarbeit qusfihrte und im Frihling 1964 abschloss.



J A,

Med. Assoc.

Barker-'36

106:762-767. 1936.

THE BLOOD CYANATES IN THE TREAT-
MENT OF HNYPERTENSION

M. HERBERT BARKER, M.D.
CHICAGO

A few years ago I gave a number of patients with
hypertension potassium or sodium thiocyanate with
results that were generally unsatisfactory,  Some
showed extreme weakness, pausea and dizziness, while
an occasional one seemed . to be considerably improved
as far as the symptoms and blood pressure level were
concerned. In general, it seemed that older patients or
those who had a blood pressure elevation over a long
period of time seemed to tolerate cyanate therapy less
well than the vounger group. Careful observation indi-
cated that individual dosage was necessarily dependent
on the individual response and the toxicity,  An attempt
has heen made, therefore, to gage the dosage by a study
of the cvanate clearance from the body through the
urine and a correlation by the blond cyanate level and
the blood pressure. The following material is being
presented as a prefiminary report on such observations
extending over a period of four years.

LITERATURE

The pharmacology of the eyanates i3 very little
understond,  Clande Bernaed ¥ made the first ohservie-
tions, which were reported in 1857, and he regarded
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BLOOD

VorLar 16
owm Lo
activite, Panli® and LeRoy * independenty noted
decteases in Bilood pressure while studying the ¢yanates,
Nichols * reviewed the pharmacologic and therapeutic
properties of thiocyanates in 1925, Schreiber * showed
(hat it took from two to three weeks for cyanates to
return to normal levels in the saliva and in the blood
after the adiministration was discontinned. He indicated
diat tovie manifestations i the normal individual
appeiced voien the blood cvanates veached 40 or 30
g, Muore recemly Tealy ' has shown that the cut
cariace of the adrenal body was strougly positive for
the thiocvanates in the cortical portion when potassivm
thiocyanate was administered to rabbits. which sug-
gested the possivility of the accunlation of the drug
in the adrenal. Smmth aod Rudolf T adnimistered
codium thivevanate to normal individnals.  The cyvanate
was stoppel when the blood pressure fell belaw 100,
and none complained of symptoms. From one o eight
weeks' time was required for the blood pressure to
retirt Lo e previous nornaal level

A review of the chineal literature brings a great
divereence of opiion on the value of the administration
of cyanutes in hypertension.  Goldring and Chasis
noted a constant relation Detween the persistence of
che hypotensive effect and the amount of thiocyanate
administered.  They cautioned that the dose should not
exceed 5 grains (0.3 Gm.) daily and that the drug
shiould be discontinued at the first mdication of nausca,
fatigue or vomiting or with the first distiner fall n
blood  pressure.  Contrary  to  opinions gencrally
expressed, these authors feel that thiocyanate carclally
adininistered is Just as cffective and no more apt o
produce toxicity in the patieut with glomerulonephritis
than in hypertension.  Their reports on {atal cases,
however. shuw no. antemortem blood studies for cva-
nates.  Represeutative toxic manifestations have been
reported by  Palmer and - Sprague” and  others."
Some P are stranuously opposed to the administration
of cvanate. Others ' report no toxic effects in patients
closely observed. A review of the individual protocols
of dosages reported by the various authors indicates
that patients given larger doses more regularly cutlered
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toxic manifestations. while those who gave small doses
reported little or no toxicity and often no decrease in
blood pressure.

MATERIAL AND METHOD

This report covers observations on forty-five patients
with systolic blood pressures well over 200, who have
been personally studied in the renal clinic and in privite
practice during a period of from one to four years
The technic consisted in selecting patients who had been
seen regularly and whose blood pressures were followel
through periods of from one to four years on varions
forms of therapy. This should familiarize one with
individual variatious, intluence of seasonal changes and
the like, or factors that are so important in evaluatng
any therapy in this group, as emphasized by Aviman,”’
Davis ' and others.  The patients have been repeatedly
studied from the cardiorenal-vascular standpoint, hut
the details of this work are too extensive to be included
lere.

It was thought that the factor of individual variations
in toxicity mipht be avoided or controlled by following
the blood cvanate level. T{ so, it was thought that o
dose oi cyanate might be attained which would reduce
blowd pressure without causing toxic symptoms.

A modification of Schreiber’s * technic for the deter-
mination of thiocyanates in the blood was developed,
which has been simple, once the following standards
were made up:

THE ESTIMATION OF THIOCYANATES 1IN
THY. BLOOD

Solntions.—~1, Ten per cent trichloroacetic acid solution.

2. Ferric nitrate reagent. Dissolve 50 'Gm. of erystallized
ferric nitrate in 300 ce. of distilled water. Add 25 cc. of coun-
centrated nitric acid and make up to 1 liter with distilled water.

3. Thiocyanate standards: Stock solution.  Dissolve about
1 G of potassium thiocyvanate in 800 ce. of distilled water.
Titrate a4 20 cc. portion of a standard silver nitrate soiution
(made hy dissolviug exactly 29195 Gm. of silver nitrate m
1 liter of distilled water) acidified with 3 ce. of concentrated
nitric acid, with the potassium thiocyanate solution, using forric
ammonium sulfate as_an ndicator.  Calculate the amount of
water which it will be nccessary to add to the potassinm thio-
cyanate solution to make 20 cc. equivalent to 20 cc. of silver
nitrate solution,  Add the calculated amount of water, nnx
thoroughly and check the solution by another titration to make
sure the potassium thiocyanate solution is exactly cquivalent
to the silver nitrate sohution. '

Standard solutions.  Make three dilutions of the stock solu-
tion to give the following three standards: (1) 100 ceo of
stock diluted to 1 liter with water gives a standard which can-
tains 0.5 mg. of the thiocyanate jon in 3 cc. of solutiwnn (2)
70 cc. of stock diluted to 1 liter with water gives a standurd
which contains 0.35 mg. of the thiocvanate ion in 3 cc. of aolu-
tion. (3) 40 cc. of stock diluted tn 1 liter with water gives &
standard which contains 0.2 mg. of the thivcyasate ion i 3 ve,
of solution.

Method —Transier 5 cc. of the 10 per cent trichlureacetic
acid solution to a test tube. Add 5 ce. of serum or plasiea,
Stopper and shake well.  Allow to stand from ten to fifteen
minutes.  Filter throuph a smalt tilter paper. The filtrae
should be perfectly clear. 11 it is not, flter agin throueh the
same flter paper. Maasure 5 ceo of the filtrate into w clenn,
dry test tohe,  Add 1 oces of the ferric nivrate reagent:
and read in a colorimeter with the standard solution et at
20 mm. choosime that standard  which most ncr)y matehes
e uahnowr The sumdands are made as 1tollows: Transior
§ ec. o1 cach ot the throe standard solutions to three test tube s
Add 5 cc. of tricalorcacctic acid solution and 2 cco of by
ferric nitrate reawent to cach,  Mix,

13, Avman. Dovid: An Evaluation of Therapeutic Results e Feoontn
Hypertension, . A0 M AL Bd e 2000 (Juae 20) 1031y ihid 95 Jdo
bl 263 1930% footnote 11

t4. Davis, N. S.: Hypertension:  The Value of Colcium Sule Plus
Diet in lts Managemert, JooA0 M. AL 973 1295 {(Octe J1r 108
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Caleulation—With the stanriard solnion set at 20 mm. for
the colorimetric comparison the calculation may be simplified
10 *he three following forms, depending on the strength of the
standaird.

1. Using thie 0.5 mg. standard, 200/rending-mg. of the thio-
cyanate ion in 100 co of serwn,

2. Using the 033 my, standard, T4, reading-mg. of the thio-
cvanate jon in 10 ce. of serum,

3. Using the 0.2 my. standard, 80/reading-mg. of the thio-
cyanade ion 100 ce of serum.

Before the patienl was started on cyanate, all therapy
was discentinued andd control observations for cyvanates
in the bluod and urine were made.  The patients were
then giveu 0.3 Gm. of potassium or sodiwm thiocyanate
daily. They were seen twice a week for the first two
weeks and once a week thereafter until an equilibrium
between the dosage of cyanate and blood pressure was
established.  Blood cyanate determinations were made
at each visit. A number of putients were hospitatized
and then given doses of from 0.3 to 1 G, daily for a
number of days, until sharp falls in bloond pressure or
toxicity were noted.  Daily cyanate determinations were
made on the blood and urine of this group. The urine
clearance of cyanates varied greatly, and that {eature

will be discussed at a later date as a factor i ndividual |

tolerance. In the main, no clear-cut information has
been gained from the uriue clearance alone, but there
was a fairly good correlation between the blood cya-
nates, the toxicity and the rveduction of the Dblood
pressure.
RESULTS AND COMMENT

Whenever the cyanates in the blood were raised
above 5 or 10 mg.. a fall in the systolic aud diastolic
blood pressures occurred in thirty-five of the forty-five
patients studied. Slight toxic manifestations, namely,
weakness, ease of fatigue and dizziness, were noted in
many of these patients but were not especially dis-
turhing until the Dlood cyanates were raised above 10
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Chart 1.-—Clinical course in case 1.

or 15 mg. Toxicity increased rapidiy ahove the bload
level of 20 mg., but serious manifestations were siot
noted until levels from 33 to 3 my. were reached.
From the standpoint of the relici of symptoms and the
drop in blood pressure, it secnied that a blood eyanate

level from 6 to 10 mg. was ordiianly requived.  Tiwe
desage was found ro be individual in cach case. For

example, one patient required a dosage of only 60 g,
while another required 720 myg. a day to maintain a

BLOOD CYANATES—BAKRKER

Joum., A. M. A,
Marcn 7, 193¢

hlood cyanate level of 10 mg.  As the cyanate clearance
through the kidney improved, the dosage had to e
gradually increased during the weeks that followed, 1
the blood pressure and the blood cyanate levels were
to be maintained.

It will be impossible to go into the many details
incident to the ohservations and care of this group of
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Chart 2.-—Clinical course in case 2.

patients, but charts 1 and 2 will indicate typical experi-
ences in general.

Early i the study of two of these patients, severe
weakness, vascular collapse and cerchral thrombosis
with ultimate recovery was experienced.  Both patients
had had severe hypertension of long standing and their
pressures ranged from 250 to 275 most of the time
The neuralogic evidence of thrombosis occurred twelve
and thirty-six hours after the vascular accidents were
noted.  In both of these paticnts the blowd cyanates
were found to have risen sharply to levels of 33 and
45 mg. respectively on doses considerably under that
recommended in the literature.  Without the blood cya-
nate observations, no doubt such responses would have
heen regarded as merely intolerance to the drug rather
than to an actual overdesage.  Such experiences also
cause me to suspect that deaths may have occurred in
the past, in the course of cyanate therapy, which may
have been attributed to the vascular accidents commuon
to the patient with vascular discase (charts 3 and 4.
I'wo other patients were carried to 35 mg. per hundrod
cnhic centimeters without collapse.  One complained ot
much fatigue with only slight reduction of the hlood
pressure, while the other one complained of  grem
fatigue and sonmmolence associated with a sharp fall in
the blood pressure (chart 8). Fhe return of the blood
pressure 1o the previous high levels Tagged behind the
reduction of the blood cyanates. This experiment wis
repeated several times, and the blood pressure was now
maintained at from 150 to 180 mm. by a dosage of
potassium thiocyanate, which mamtains a blood cyanate
of 10 mg.

Of the tortv-five patients studied with the Dblond
cyanate level controlled, ne two have been found that
were comparable,  Thirty-five of the forty-five have
reapended with respect to symptoms and blood pressure
leveis in esscatially the following way: .\ dosage of
0.3 Gm, a day wsually was assoeiated with a decrease
in nervousaess, diminution of headaches and often o
beginning fali of bloud pressure in from five to seven
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dave, At this time the blood cyanates were generally
found to be between S andd 7 mg. per hundred cubic
centimeters.  The patients then frequently complained
of fatigue. Tnsomnia often changed to somnolence and
the blood pressure yencrally fell from 30 to 50 mm. in
the Grst ten or fifteen days. At that time the blrnod cyu-
pates were commonly found to be hetween & and 10 mg.
per hdred cubie centimeters.  To prevent elevations
over 10 mg. the dosage was now decreased to 0.3 G,
three or four times a week. 1 the blood cyanates were
then fonnd to be 10 mg. or over, the administration
was discontinued, because, in the instances in which the
bloo] cyanate level rose above 15 mg., increasing symp-
toms of toxicity were noted. A peenliar aching of the
legs and bady disturbed an occasional long standing
case. Quite a number of paticnts conmmented on their
increased urinary output. Seme of this group had con-
gestive heart failure so that such a diuresis was asso-
ciated with a return of compensation and loss of edema,
A reduction in the size of the heart of four paticents
was noted,  Such responses indicate the impowtance
of the reduction of the Inad on the cardiac mechanism.
One young patient with severe hypertension now under
control has noted a great increase in seminal tluid
formation, which has persisted for several months. In
some patients treated over a long period a scvere
anemia has developed.

As reported by Borg.'s this study has not reveated
any difference between the sodium and the potassium
salt. ‘The toxic manifestations, hypotensive eficct and
blood levels for these two salts have been essentially the
same. No skin manifestations have been noted to Jdate.
Three patients have shown a preuliar myxedemateus
swelling of the tissues of the face, orbital arcas and
cervical regions.  One occurred in a woman after one
year and the other occurred in a woman after fifteen
months of the administration of cyanate.  Tn the lutter

i;Ht#h't.};hii.i. [T ) R
@~ WRalle porewre
Rl gy 4 O Mantelis prerews
— ® Blass Tepusate
L . @ triemaie e
-
e X - B artriee dedton,
-
0
»
5] }
»
10
:mnl )
i "
§un
[ .
}ln. - b . B .
w
° - » '] .. o
w
) - N
™o O
1. A‘ - ~o/
B )
A 3
”u.s A N
= g 2t B >t S

Chait 3.~ Clinical course in case 3.

a large thyroid, hoarseness. swollen {ace and heavy
jowls developed. The basal e tabolic rates were only
shightly reduced (=18, —9). In one man a ditisely
enlarged tivraid gland developed adter ten months’
administration of potassinm thioeyanates,  His basal
metabolism had fallen ivom - 19 10— The enlaroed
thyroids returned to normal size on the administration
of desiceated thyroid.  Such observations have ques-

15. Turg. J. ¥.: Fxperiences in the Use of Sulnhocyanates, Minnvsota
Med. ¥ 09 (Mayy 1030
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rionable relation to the cyanate therapy, hut they cause
one to he alert for other evidences of possible endocrine
effect. One camnot help recalling the diffuse thyroid
enlargement noted in ralbits after the feeding of
cabbage. which has been considered to be possibly of
cyanate origimn,

Ten of the forty-five patients showed little ov 1o
response to cyanate therapy.,  Two of this proup
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Chart 4.—Clinical course in case 4.

required larger doses (0.6-1 Gm. daily) to maintiin
the blood cyanates over 8 mg.  No relief of blood pres-
sure or its attendant symptoms could he otherwise
obtained.  Symptoms. of toxicity, especially fatigue,
often were as annoying as those of the hypertension.
Although occasionally one of these patients felt better
on such doses, it has been difficult to keep the pressure
below 200 mmi. Atterupts to effect a further reduction
were attended by toxic manifestations, and the cessation
of cyanate therapy was soon followed by a return of the
blood pressure to its former levels of {rom 230 to 280,
with all the old svmptoms, Three of this group showed
no immediate response, but, on a dosige sufficient o
maintain a blood cyanate level of from 9 to 15 my. for
from three to four months, a cessation of the flucta-
tions to high levels was noted.  Tn these patients the
systolic pressure appeared to stabilize at the lower level;
namely, about 200 mu. for a time and then a gradual
reduction of both syatolic and diastolic levels occuried,
so that these three patients iare now maintained arouind
150 or 170 mm. The remaining five patients showed
no response other than toxic manifestations of a severe
degree.  Although the reason for the patients to fail 1o
respond to eyanate therapy is not clear, it wis evidont
that the most resistant cases presented well advanced
arteriosclerosis. Some older patients with severe hyper-
tension of several years' standing were evanate serv-d-
tive' and have heen alniost as easily stabilized as anv ox
the younger nonsclerotic group.

In general, it the patient is found to be able to
tolerate the evanates it seems much more satisiactory o
effect a gradual reduction of the blood pressure so tiv
he may hecome adjusted to the change.\ier the Dled
pressure has been maintained at a lower fevel for from
one to three menths, a o great improvenent of - th
paticnts’ sympteans is generadly noted, The first peril
of weakness passes and a feching of well being and a
return of energy Jollow.  Adthongh the complications
are many and varied, the benelits derived inthose



responding favorably. as manifested by a decrease in
blood pressure with the relief of subjective symptoms
and congestive heart failure together with the mmprove-
ent of urea and uric acid clearance, the reduction of
total serum proteins and phenols in the blood so fre-
quently noted would indicate that the cyanates are
worthy of further study.

SUMMARY

Forty-five patients with hypertension have been given
sodium or potassium thiocyanate and the concentration
of the cyanates in their blood has been followed. The
seduction of blood pressure and the relief of symptoms
obtained in thirty-five of the forty-five roughly cor-
responded to the level of the cyanates in the bload. The
optimum therapeutic level would seem to range hetween
8 and 12 mig. per hundred cubic centimeters and signifi-
cant toxicity begins to appear at from 15 to 30 mg.
The individual tolerance varies greatly, the different
levels being obtained with widely varying doses. The
cvanates may reach hazardous concentrations very
quickly in some individuals, so that the administration
of the thiocyanates is believed to be dangerous unless
controlled by close observation and blood cyanate
determinations. '

REPORT OF CASES

Case 1.—A. H. M, a man, aged 56, an executive under
observation for three years, complained of nervousness, heart
consciousness, iremor and occipital headaches. Blood pressure
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Chart §.—Clinical course in case §.

fluctuations were noted between 190 and 230 systolic and 120
and 130 diastolic, the average being 200/120. A dosage of
1 Gm. of potassium thiocyanate for four days was followed
by a drop in both systolic and diastolic pressure. A fluctuation
of readings was noted for a few days, followed by a leveling
of the pressurc at about 165/110 on 0.6 Gm. (chart 1). During
the past two years his hlood pressure has been maintained
between 155 and 170 systolic and 90 and 100 diastolic on a
dosage which maintains the blood cyanates at about 10 my.
A complete relief of symptoms was noted after the first three
months of cyanate therapy. His maintenance dose is between
2 and 3 Gni. a week. Two attempts at stopping the drug were
associated with a return of blood piessure clevation and symp-
torus after about four weeks.

Cask 2—B. K., a housewiic, aged 40, complaincil of severe
pounding occipitofrontal headaches, dirziness, ringing in the
ears, uervousness, insomnia, cmotional instability, heart con-
scinueness and weight oss. A koown hvpertension for fve
years and personal ohservation for cne yoar revealed o blowd
pressure of 193-230 systolic and 100130 diastolic, the average
being 215/120. A dosage of 1 Gm. of potassitm thiocyanate
for two days was reduced to 0.3 Gu., and in sixtecn days the
fluctuant period had pussed and the patient’s blood pressure
was rather constant at 163 systolic and 110 diastolic (chaii'2).
She was most grateful, because she was now slecpmy very well
and was entirely frec frum neudsches, Theé blood . eyanates
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increased to 15 mg. by the nineteenth day after the cyanate
therapy was started and she started to complain of fatigue and
somnolence. The cyanates were discontinued for one weck
and a return of pressure began, which was again reduced with
readministration of the drug. The maintenance dose was found
to be 0.2 G, of potassium thiocyanate for the next two months
amd during the next cight months was 0.3 Gm. daily. The blood
cyanate ievel noted at the optimum blood pressure readings was
between 8 and 10 mg.

Case 3.—F. P, a man, aged 68, a retired broker, admitted
to the hospital Aug. 27, 1933, had had a severc hypertcnsion
for a known duration of five years, with moderately severe
congestive failure. A diuretic regimen of low sodium diet,
ammoniwmn nitrate, digitalis and mercurials brought him to a
fair circulatory balance, bhut as soon as he was allowed up or
out of the hospital the congestive failure returned.  The blood
pressure ranged between 238 and 250 systolic after six months
of care. He was markedly sclerotic but it was decided to try
cyanate therapy. He was given 0.6 Gm. of potassium thio-
cyanate and on the fourth day he became pale, very weak and
confused, and the blood pressure fell to 124/70 within a few
hours. A cerebral thrombosis with a right hemiplegia. loss of
speech and difficulty in swallowing came twelve hours later.
The blood cyanates were found to be 33 mg.  Caffeine with
sodium benzoate in 5 grain (0.3 Gmn.) doses every two hours
seemed to revive the vascular tone (chart 3, 1/16/34). The
cerebral lesion gradually cleared and the blood cyanates returned
to normal in fifty days. The blood pressure returned gradually
to somewhat over 200 and the heart failure rcappeared. A
cautious resumption of a dasage of 0.2 Gm. of potassium thio-
cyanate again caused a sharp fall of the blood pressure and
later the maintenance dose was found to be 0.1 Gin. Renal
clearance has improved so that one year later he requires
0.5 Gm. potassium thiocyanate daily to maintain a blood cyanate
of 8 to 10 mg. He seems to be in splendid health without
diet, rest or any other form of therapy. The blood pressure
averages 160/100).

Cask 4--R. C,, an exccutive, aged 32, who had had a severe
hypertension of seven years' duration, had had a cerchral
hemorrhage with slight residuals five years before this study
was made. Personal observation of two years had shown blood
pressure Auctuations of 240-300 systolic and 140-170 diastolic,
and a moderately severe congestive heart failure was present
much of the time despite cnergetic therapy.  Sedatives and
venesections reduced the average pressure to 210/130 on three
periods of hospitalization,  Within two or three wecks after
the patient resumed activity the blood pressure would be found
at the previous high Jevels, Hec was again hospitalized and,
after his bload pressure scemed stabilized, ten doses of 1 G
of potassium thiocyanate administered on consecutive days
were associated with a significant drop of the pressure
(185/110). The medication was stopped and the blood pressure
soon began to return to its former level.  Adfter discharge
from the hospital he was instructed to take 0.6 Gm. of potas-
sium thiocyanate daily and to return biweekly for ohservation.
The patient drank the medication directly from the bottle with-
out measuring the dosage and he was found at home in vascular
collapse {chart .4, 1/16/34) with a blood pressure of 128/84.
Large doses of caffeine with sodium benzoate scemed to revive
him greatly and the blood pressure rose much after the
manner noted  following caffeine administration in quinidine
intoxication. His blood cyanates were found to be 45 mg. and
it required nearly four months for them to return to normal.
During the first half of this recovery periad the patient was
disoriented, confused and  extremely weak. There was a
narked defect of speech.  The return of the blood pressure
with resistant heart failure caused a cautious resumption ol the
thiocvanates, At first 0.3 Gm. a week was saflicient to main-
tain a 10 mg. blood cyanate level and an associated blood
pressure of 180200 rystolic and Y0-110 diastolic. The renal
cyanate clearance has improved iu the past year so that it s
necessary to give 3 Gm. a week tw maintain the bloed cyanate
level of 10 mg. During this period the heart failure has nnt
returned and the pressere remains slightly uwnder 2007110,
which he seems able to <ustain without untoward etiects.

CASE S~—A. S. & woman. aged 52, unemployed, had had a

known hypertension of sixteen years' duration,  She had been
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uneler my personal observation for two years prior to this study,
tier symptoms were headache, insomnia, emotional instability,
pecturig and chrouic congestive heart failure.  Her record s
stpiking in that she was “cvanate sensitive,” and the hlaod
cvauate and the blood pressure curves are quite reciprocil. At
st a dosage of @3 Gm. would raise the blooad cyanites 1o
35 mg. and the blowd pressure would drop sharply. This fall
continued for about three weeks after the drug had been dis-
continued (chart 5).  Extreme fatigue was associated with
clevations of blood cyamate over 15 me. Renal clearance of
cyanates gradually improved so that as time went on the losage
perind required to raise the blood cyinates to the previous
fevel of 33 mg. had to be increased. Chart 3 shows this relia-
tion clearly, and it also shows that the patient had now reached
a continuous dosage of 0.3 Gm. of potassium thiocyanate daily
in ordes to maintain a bloord cyanate of 10 mg. This level of
blood cyanates has continued to be associated with a blocd
pressure of 170 systolic and 110 diastolic most of the time. Tt
is noteworthy that the paticnt has been without any dictary
program or cardiac therapy for one year and fecls quite well,
She sleeps well and suffers no more headaches, and the emo-
tional state is normal.

303 East Superior Street.
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BACTERICIDAL PROPERTIES OF ALLYN
ISOTHIOCYANATE AND RELATED OILS

MILTON J. FOTER
Department of Bacteriology, University of Connectiout,
Storrs, Conmestiout

(Received for publieation, August 10, 1939)

Walton, Herbold, and Lindegren (1936) and Lovell (1937) showed
that the vapors from erushed garlic and onions contained bactericidal
substances. Foter and Golick (1938) reported the same property for
the vapors from crushed horse-radish. Vollrath, Walton, and Linde-
gren (1937} and Ingersoll, Vollrath, Scott, and Lindegren {(1938)
attributed the bactericidal effects of the vapors from crushed garlic
and onions to acrolein and crotonaldehyde.

In an attempt to attribute the inhibitory properties of the vapors
from erushed horse-radish to some definite compound or compounds,
a atudy was made of the literature relative to its composition, Chem-
joal aualyses of erushed horse-radish reported by Gildemeister and
Jleffmann {1916) and by Heidusehka and Zwergal (1931) show the
mapin volatile constituent to be mnstard 0il, allyl isethiocyanate
(C1,==CHCH,NCS), 20 to 25 per cent phenyl ethyl isothioveyanate
(ClI,—CH,CH,NCS), and a trace of phenyl propyl isothiocyanate
{C,]1,—[CH,],NCS). This report is concerned with a study of the
bactericidal effects of allyl isothiocyanate and two other oils similar
in structure, numely. methyl isothiocyanate (CH,NCS8) and ethyl iso-
hipoyanate (CTLCTENCRY An attempl ju belng made gt the pres
ent fime 1o synthoate the atlier et Wieyniten teported b vrialod
horse-radish,

EXPERIMENTAL PROCEDURE

The bactericidal properties of the oils were studied by three dif-
forent methods, using 10 test organisms.

Method 1: Agar plates were poured using approximately 15 ml.
of a suitable medium and the agar was allowed to solidify. The
plates were inverted and sterile filter paper placed in the tops. Vari-
ous amonnts of the oils were placed on the filter paper, the plates
were sealed, and the agar was exposed to the vapors from the oils at
37°('.(98.6°F.) for varying lengths of time (Table 1). After the
exposure periods the covers of the Petri plates were removed and
replaced by sterile tops and immediately streaked, using a standard
four-mm. loopful of a 24- to 48-hour broth culture of the test organ-
ism as the inoculum. The plates were then resealed and meubated

147
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at 37°C. for at least a weeck. Controls were made in all experiments.

A cowparative scale was used in estimating the amount of growth
after the incubation period by which 4 indicated full growth as in
ihe controls, 3 indicated from three-fourths to full growth, 2 indi-
eated one-half to three-quarters of fall growth, and 1 indicated any
growth to onc-half of full growth.

Method 2: Dilutions of the oils, from 1:100 to 1:1,000,000, were
prepared in a suitable agar medium. Plates were poured and streaked,
using again a standard four-mm. loopful of a 24- to 48-hour broth
enlture of the test organism. The plates were sealed and incubated
at 37°C. for one week, after which they were seored for growth as
described above.

Method 3: In order to determine the approximate times required
for killing and the effect of the presence of organic matter on hac-
tericidal efficiency of the oils, two scries each of aqueous suspensions
of the oils were prepared in dilutions from 1 :000 to 1:1,000,000. One
series contained five per cent by volume of sterile cow serum. The
aqueous suspensions were brought to a temperature of 37°C., after
whieh each tube containing 10 ml. was inoculated with .1 ml of a
94. o 48-hour broth culture of the test orgunism. The cotton plugs
were then replaced with sterile rubber stoppers to prevent loss of
the oils hy vaporization and the tubes were incubated at 37°C. At
various time intervals (.5, 1, 2, 4, 6. & 12, 24, 48, and 72 hours)
standard four-mm. loop transfers were made from the dilutions to
suitable sterile broth in tubes. These in turn were reincubated for
at least a0 weelk before the results were recorded. Inoculated sterile
distilled water controls with and without cow serum were muade.

Atfenmipts were made to prepare ecnlsions of the oils rather than
suspensions, using  various emulsifying agents with little suceess,
Most of the emulsifying agents were themselves bactericidal for the
test organisms. In all the methods where the growth of the test or-
ganism in broth did not yiceld uniform suspensions of cells for inoeu-
lations, the broth culture was transferred to a sterile glass-stoppered
bottle containing glass beads, shaken vigorously, and filtered through
sterile cotton.

RESULTS

The bactericidal effects of vapors from the volatile oils tested
(Table 1) show that complete or marked inhibition of growth resulted
in most cases when agar plates were exposed to the vapors from .1 ml.
or .01 ml. of the oil for as short a time as eight minutes. Vapors from
allyl isothiocyanate, the main volatile constituent found in erushed
horse-radish, inhibit the growth of microdrganisms in a manner sim-
jlar 1o the vapors from erashed horse-radish itself. The vapors from
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methyl isothiocyanate appear to be the most effective, those from
ethyl isothiocyanate the least effective.

The bactericidal efficiency of the oils was more evident when exact
dilutions were prepared in agar (Table 2). (Complete or marked in-
hibition of growth of the test organisms resulted in most cases from
dilutions as high as 1:100,000 and 1:1,000,000. Ethyl isothiocyanate
was again the least effective of the oils.

Three test organisms were employed in the study of the oils by
Method 3, Escherichia coli, Bacillus subtilis, and Mycobacterium tu-

TABLE 2
Bacterividal Effects of 0ils Diluted in Agar
Allyl fsothlocyanate |Methyl irothiocyanate] Ethyl irothiveysnate
- e e é.ﬁ bk ARSS R éh
g & <88 282
Organism = o§o_o _‘2233 ® gg2¢g
Egggss|fsfzgs|fgzcgd
SaLiia|dLidana EZILIC
Serratia marceseens.......... 4 00 000 400000 4 00000
Bacillus aubtilis.. ey 4 0 0 0 0 0 4000004400001
Escherichia eoli.... 4 00111 400001 4 00 2 4 4
Bacillug myevides.... 4 000600 400000 4 00000
MEX Torrcesesnnreeserniened 400034 4 00000 4 0004 4
Eberthella typhosa............ 1 00000 400000 4 00000
Staphylococous
aureus......... Areemseaermnesse et 400123 400112 4 023 44
Mycobacteriem .
tuberculosis
AT, ROMINEErericciiniereensl 4 0 0 0 0 2 400000 4 00001
Mycobacterfum
tuberculosis
var. Dovis. . oeeciiinninnninned 4 00018 400000 4 00001
Mycobacteréum
PRI cc.veemranansmsissicsiss sy 400001 400000 400000

1 Each numbor represenis an average of three to four experiments.

berenlosis var. hominis, In practically all cases the resulis confirm
those obtained by Method 2. Escherichia colt was the most resistant
test organiam rvequiring a 24- to 48-hour exposure to a 1:10.000 dilu-
tion of the oils to obtain complete killing. Growth of the human
strain of Mycobacterium tuberculosis was completely inhibited by a
43. 10 72-hour exposure to dilutions of 1:100,000 or 1:1,000,000,
Racillus sublilis was the least resistant requiring only an eight- to
12-hour exposure to a 1:1,000,000 dilution of allyl and methyl iso-
thiveyanate to obtain complete inhibition of prowth. In all cases
exposure to the 1:100 diluticn of the oils for the shortest time inter-
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val, onc-half hour, resulted in complete destruction of the cells. The
prescnce of the five-per cent sterile cow serum slightly inhibited
the hactericidal efficiency of the oils.

DISCUSSION

The apparent diserepancy in cfficiency of the oils on the test
organisms when agar plates are exposed to their vapors and when
various dilutions of the oils are prepared in agar or agueous suspen-
sions may best be explained by the fact that when agar plates are
exposed to the vapors, the oil is at first concentrated at the surface.
During incubation the oils difiuse through the agar and concentration
at the surface becomes too low to inhibit growth,

The test organisng employed differ in their resistance to the oils.
Escherichia coli and Staphylococcus aureus appear to be the most
resistant; while Serrafia marcescens, Bacillus subtilis, and Bacillus
mycoides are the least, with the other test organisms betwcen these.

CONCLUSIONS

1. Allyl isothioeyanate, the main volatile constituent found in
erushed horse-radish, and the related eompounds, methyl and ethyl
isothiocyanate, exhibit bactericidal effects on a variety of organisms
when tested by several methods. The organisms employed differ in
their resistance to these compounds.

9 The bactericidal efficiency of the oils may be more aceurately
determined by dilution in agar or by the preparation of agqueous sus-
pensions than by exposure of agar plates to the vapors from similar
dilutions.

3. The presence of five per cent by volume of sterile cow serum
slightly interferes with the bactevicidal efficiency of the oils.

4. Allyl isothiocyanate is a pungent volatile oil which irritates
the cves and burns the skin. Its presence in crushed horse-radish,
and identification hy several workers, probably explains the charae-
teristie effeets obtained when handling this substanee and also the
inhibitory properties of its vapors on microdranisms.
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The thiocyanate ion is a biogenic compound which is found in the body, although
in very slight amounts. It is excreted and found in the blood in large anmouuts
poisoning by cyanide and bydrocyanic acid. Thiosulphate, pure sulphur, glutathioy,
and cystine reduce the toxicity of cyanide in man and in animals and by the partic.
Eﬁon of these substances, cyanide is converted into the far less toxic thiocynau.

e cyanide ion must also be regarded as a biogenio substance, since it is found'in ti
body even under normal conditions. Thiocyanate is formed from it in vivo ani

ing to some of the latest results (Boxer and Rickards 1052, Goldstein and
Rieders 1053), thiocyanate is broken down again into cyanide, so that, as a resul:
of this interconversion, some of the pharmacological properties of thiocyanate ar
attributed to eyanide. The metabolism of thiocyanate should be regarded as being
in very dlose functional connection with cyanide.

The thiooyanate ion has mild goitrogenic properties. Findings have been submitted
demonstrating that in patients with hyperplasia of the thyroid gland, the level of the
thiooyanase jon is increased (Silink and Marifkové 1951). In view of the fact that the

i ion is found in many forms of food and that its seasonal variations resemble
the variations of the ascorbio acid saturation curve, Silink (19563) assumed that the
thiocyanates originate exclusively in food and that they are indicators of an intake
of mare mt goitrogenic substances, or that thoy develop from these. The thio-

, however, is also increased in fobrile diseases (Mayer 1904), in canot

axl 1813) and its excretion does not fall to zero even in protracted fasting : Derau

+1918, Christomanos 1936). On the basis of a comparison of the conditiuns under

which an increase in the level of thiecyanate in the blood or urine ocourred, otder

suthors also oamo to the conclusion that the metabolism of thiocyanate is bound o
conditions of nitrogen metabolism, '

1t still remains to be determined how much thiocyanate is of exogenous and how
much of us origin. Older communications do not provide any definite
standpoint deviate substantially from one another mocording to the exper-
mental conditions used. The investigation of this relationship is rendered diftioult by
the intereonversion of cyanide and thioyyanate and this is probably the main caus
of the lack of agreemont hitherso. We have made an sttempt to contribute to the

solution of this question indirectly by ¢ stady of the metaboliam of the thiooyans®
ion in the fullowing ways a): By oconduwstir oh for thicoysnogenio substanoes
which conld form & chain, of presstue vp 4 m the tijgoyssate i,
. i . <y i PRy ) “a I A \ &
4 .t o 4 e.- ":N '“;?‘A'mh ) ‘&"" "rAf;;\ P}m LI *
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: b) By research on the }'elationship of the level of thiocyanate in connection with
the influence of the thyroid hormone on the endogenous metubolism of the organism,

o) B"m“"h on precursors of thiocyanate in food, with particular reference to
esbbage as & widely consumed food with goitrogenic action.

Théocyanogenic Substances in Food

In sddition to a small amount of already formed thiocyanate, some foods contain
substances from which thiocya.na.t(s d.evelops in the organism. These are the
cysnide jon already mention('ad,‘whmh is also found only in small amounts, and

. substances form which cyanide is produced by the action of hydrolytic enzymes,
As far a3 I am aware, no investigation has been made of whether thiocvanate is
formed, for example, fron. amygdalin, although it is almost certain that this is the
case. In our department an investigation was made of the formation of thioeyanate
from the kernels of “‘cyanogenic”’plants, such as apricots, plums and peaches and
jt was found that after the administration of these the excretion of thiocyanate
shows a sharp increase.

Further, substances cxist which do not split off cyanide on hydrolysis but are
nevertheless a source of increased thiocyanate in the urine and in the blood. These
are the nitriles of aliphatic and arylaliphatic acids (Lang 1894), contained in somo
cruciferous plants. To this family belong the mustard oils (isothiocyanates), the
structure of which very closely resembles that of thiocyanate. A study was therefore
made of the thiocyanogenicity of the isothiocyanates and an investigation made for
a natural precursor of the thiocyanate ion in cabbage, the most widely consumed
of the Brassica genus.

Investigation for Metabolic Precursors

The mochanism by which nitriles are converted into thiocyanate has not vet
becn explained, but conversion depends on thyroid secretion (Baumann, Sprinson
and Metzger 1933). Further precursors have also been sought, which, structurally
or functionally, could be linked up with the nitriles.
The increase in the level of thiocyanate in some pathological conditions which
are characterised by changes in nitrogen metabolism, led to a search for the precur
sors of thiocyanate among the amino acids, the purines and some biogenic amines.
No final conclusions have so far been drawn from the results, which are contra-
dictory (Dezani 1917, 1918, Willanen 1908). Of other, non-biogenic substances which
bave been investigated as precursors of thiooyanate, mention may be made of the
barbiturates; & higher lover of thiooyanate in the blood has also been found after
oarbon monoxide and sulphur dioxide poisoning. Thiourea, however, dues not cause
&0 increase in the level of thiocyanate either in the urine or in the blood.
A search was made for substances which oould lic between the nitriles and the
&qino acids or purines, which might be amines or amides; according to a working
hypothesia, the chain of the development of thiooyanate from amino acids or purines
&Wdt&kb place theoretically in the following manner:

. '), 1 i amided < t <- purines
£ 3:, ' + HCN < nitriles < amines « amino acids = proteins
 formation of SCN’ via HCN oould, acoording to this hypothetical process,
oo by simple reactions, by the removal of water, hydrogen etc. In this way,
¢ of the appropriste $ype was investigated.
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Amino Aovds as Thiocyarogenic Subsiances

It has been thought, already according to the results of older work, that (),
amino acids, as components of proteins, are a source of the thiocyanate ion, and thy,
connection with the catabolism of nitrogen has also been pointed out. The .
cyanogeniocity of amino acids has been investigated, but the results are contradicte,
The demonstration of their thiooyanogenicity would show whether there is a disturi,
ance in protein metabolism in conditions where the level of thioeyanate is inereage|
It would also be useful to investigate the thiocyanogenicity of amino acids in vy,
of the fact that they are nitrogenous substances, which when broken down hy uyid,
tion, in vitro, under certain ciroumstanoces split off hydrocyanic acid as a subsidiar,
product of oxidation and could therefore form thiocyanate in other ways than that
suggested above.

The Influence of the Thyroid Hormone on the Formation of Thiocyanate.

‘The results of the work of Baumann et al. (1933), Stoa (1952) and also of Silink
and MarStkové (1951) show a connection between the formation of thiocyanate
and conditions in the thyroid gland. Since the state of the thyroid gland is mani
fested by changed conditions in the secretion of the thyroid hormone, which can
influence the metabolism of thiocyanate, an investigation was made of the influence
of .this hormone on the production of thiocyanate. This investigation at the same
time shows a relation to increased total metabolism in the organism and provides
evidenoe of the variability of the endogenous component of thiocyanate metabolixm.
It was assumed that it would be possible to increase this component by thyroxine
or thyroglobulin and demonstrate that thiocyanate is a catabolite of oxidation
prooesses. :

Methods

Rats were selocted as the experimental animals. White rats of both sexes of the Zverex brewl were
wead, with an average weight of about 100 g. Rats of the same sex were kept in paire in metabolic cages
with a wire floor and their combined urine was caught in a conical utensil lined with umaplex dinsolved
in chlibroforin and evaporated to form a surface not detergent for the urine. The valuea of the dally |
excretad amount of thiosyanate, therefors, correspond to that of two rats, but have been caleulatud for
ote rail. The urine then ran into & calibratod ooatainer through & glass funnal containing only e single
layer of cellulose paper, 8o sa to filter off the food remainders which fell through the metting. Control
amperiments showed that the values of thiocyanate were virtuelly unaffected by the extraction of these
remnnants from the urine as it flowed through. There should not, however, be many remnauts, so as not to
cause any considersifle vetention of the urine. The volume of the urine was measured and diuresis was

_observed dally. |
Bince all the urine of the exporimental animals cannot be collected quantitetively, the values must i

|

1

bo evaluated relatively paud compared with those preceding the administration of the teet substances
Loseos mre caused by amall amounts remaining on the wire floor of the cage, the walls of the utensil and
‘G filier with the food which has fallen through. In order to aascertain the charaoter of the rolationship
between the amount of urise lost and the amount obtained, & correction eurve was conatructed in the
following way: various amsounts of urine were allowed to drip, in small quantities, into & cage and the |
quantity of the urine which dripped through was compered with the quantity of the original amount. !
The lues is linear cud thesefave the values of rat urine ebiained were not oarrected in any way. The unne
wws not rinsed out of the page beoause of decresaing the concentrstion, which i moat cases would have ‘
prevented the aarrying ons of the estimation. S . . - i
; nommkopthﬁmbdiccqufwd?tdqimucm' the sdministration of the
substances under 20 a8 to sscertuin ‘the normal lovel dPexo andto: stabilis-
ation of the values. The tempersture of the seom was maintained st 19-—23° C. Ligh conditions
camrespouded approximatsly to room ogndivens. . .

Fy .

. BN , .

The rats were fod Lorsen djet withos Nowne, (o delly amagmis of 10 g with water ad lib.
&vwm-nlbatchau:ln:o;,m-q~ Latsen dies ' and she besio q’hvdob te dapennded t0 '
somo extent on WM‘%” ol M* hpesiome 'ih‘bw'”"
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w i s cool, dry, place, with a previously determined low content of Aldridge-positive subsiances
bop etandard extract. _

s substances \mder. investigation were administered in amounts marked in the individual experi-
s and were mixed W'lt:h the food, unless stated otherwise. They were preparations of usunl purity ja)

of purity u_nspeglﬁed. b). purum, ¢) p. u.| and were not further puriticd; unly a test was made
for the presence of Aldridge-positive subgt.am'es. The 'substunms administerod did not contain impurities
. amounts which could cause a change in the excrotion of thiocywnate. They wero mixed into the food
1 before it was given to the rats. Fresh watery solutions of the appropriate substances were pro
red for pn.renteml administration. 14 was assessed that 70 - W04 of the fond was consamed, thes
inder wasa spoilt by excrements and trodden on.

In experiinents for determining the level of t-him-ya.nat,e_in the blood, the rats were kept m normal

, in two groups. In the experiznental group cach rat was given one tablet of Thyreoglobulin furte
gpofs daily in its food. The Thyreoglobulin fort: was administered for 10 days and the animals were
then exsanguinated and the thiocyanates in the blood determined.

The thiooyanates were determined in the urine and in the serum by a modificntion of the methad
of Aldridge (1944, 1945).

For the determination of thiveynnute in the urine, 4.5 ml of a 39, solution of trichloracetic acid
was added to 0.5 ml. urine and the mixture centrifuged: 2 ml. of the supernatant fluid was then talen
and 0.2 ml. bromino water saturated at 20° C, 0.2 ml. 29 solution of sodium arsenite, 3.8 ml, pyridine
reagent and 0.2 ml 29 solution of benzidine hydrochloride were added successively. The pyridine
reagent was preparcd by mixing 250 ml. of pure pyridine with 10 ml. conc. hydrochloric neid p. n. nnd
made up to 1,000 ml, with distiled water. The mixture was allowed to stand for 30 winutes and sub.
mitted to colorimetric determination through a green filtor. The values were caleulwted agninst the
standard after doducting the blind values, (without the addition of benzidine).

The same method was used for carrying out testa for Aldridgo-positive substances - impurities
(thiocyanates and oyanides)—in an extract of tho Larsen dict and in the substancos being invostigated.
1n this case, 194, solutions or, in the case of insoluble substances, extracts in tho proportion of 1 & 100 were
prepared. Because of the small amount, tho ieat was not carried out in the case of 3-indoylac tonitrile,

For the determination of thiocyanates in the serum, 0.5 ml. serum was used, to which 2 1nl,
59, trichloracetic had been added. After centrifuging, 1.5 ml. of the supernatant fluid was taken and tho
sme amount of bromine water and arsenite added as in the urine determination, together with & ml. py-
rudine mixture (4.5 ml. pyridine reagent plus 0.5 ml. benzidine solution),

When determining thiocyanates in the urine, it was not possible to use methods involving ferric salts
fred coloration) because of the disturbing effect of urine chromogens. Precedence was also given to the
method of Aldridge because of ite greator sonsitivity.

The whole method was verified by the administration of 1 myg. potassium thioeyanate and 2 mg
soetonitrile and 2 mg. benzyl oyanide as known thiocyanogenic substanoces. The characteristic incroase
;rﬂ: excretion ourves beurs out the data on the thiocyanogenicity of these substances, described in the

tare,

The exaretion of thiooyanates was observed for eight days before administering the substances and
the averages, when given in the tables, were calculated from four daily values prior to the experimenta.
The values measured are expressed in mcg. for 24 hours; an evaluation in units of concentration was not
made bwostise of the dependence on the amount of urine, which waa often considerably affected by the
properties of she experimental substance administered. The substances were administered in the after-
mon at about 3 pm. the urine being coliscted in the morning at about # a. m. The values on the first,
day after administering the substances in all experimenta therefore theoretically contained only ?/, urine
fdlowing adrainistration of the substance, whils 3/, in still nerwual urine, In view of the time roquired by

, the rats for consuming the food, this 3/, value is also in fact reduced. For this reason the increase in the
, - Jowel of thiowysnate on the first day after administration ia less than it would be if the rats consumed the
i food at the moment when the calibrated containers for the urine were changed.

(A, v ;
b, M ’ Results
ke

Alylisothiooyanate and phenylisothiocyanate were administered to rats in the
mer described .without any-.discernible .influence on the curve of excretion of
gauate in the urine in 24 hours. This negative result in the demonstration of the

penicity of nutrient isothiooyanates led to an investigation of the thio-
ity of natural nitriles. Not long ago Henbest et al. (1953) isolated a new
, which they identified as 3-indoylacetonitrile. It was

9 $het_thin sabetamoe might have thiogyanogenic properties and this we were
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able to confirm. Thanks to the kindness of Dr Henbest, we obtained a sample
of 3-indoylacetonitrile, which we submitted to investigation by the method described
above.

The excretion of thiooyanates following the administration of 3-indoylacetonitrile
is shown in tab. 1, whioh also gives the course of the excretion of thiocyanate after
the administration of benzyl cyanido as a control substanoe.

" By anslogy, indoylacctonitrile should also have a thiocyanogenic action in man.

" in the amounts in which it ocours in cabbage, acoording to the preliminary data
of Henbess, i. e. about 2 mg./kg., however, its thiocyanogenic action in man after
-administration in a single dose is not significant. These preliminary results in man
have not yo# been thoroughly verified because of insufficient quantity of the

, Aybstancéand of nim-emoker voluntesrs.

- 1
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* For the verification of the thiocyanogenicity of cyanogenic fruits, the crushed
kernels of plums, apricote and peaches were administerd in daily amounts of 250 mg.

r rat. Increases in values were found as shown in tab. I1. It can be seen that peach
kernels contain most thiocyanogenic substances and that plums are also a rich source.
These substances are of nutritive importance in the consumption of fruit, particu-
larly stewed fruit. . . |

In investigating metabolic precursors, acetamide was tested. Doses inereasing
from 10—30 mg. daily led to an irregular increase in the vale of thioevanate in the
arine. The administration of fixed doses of 20 mg. of acctamide brought alwit an
increase in values that was only temporary and even when the admmistration of
acetamide was continued, the values returned

solution, daily doses of 10 mg. The sommencement of ad. ool
ministrution s denoted by the straight line at P. Tho sub-
stanoes were administered in the amounts given, por rat;
the individual ourves give tha values of the combinod uri- 0 P

ne of two rats caloulated for ons rat. dart

to normal. In a single experiment in which ace- ¢
tamide was administered in a watery solution s .,
par enteris, a smaller effect was found, but of the 3 4
game character. In connection with the behaviour & 29
of acetamide, several acetyl derivatives were in- » D\
vestigated in detail. Acetyl urea administered in  wof ~—" /" N

0 e
Fig. 1. Thiocyanate excretion curves in the urine of rats 00 /\\0
after administration of nitrogenous substances. Curve A: | ]
Acotamido, increasing daily doses of 10, 10, 20 and 30 mg. 0 !
successively, further 30 mg. daily. Curve B: Acetamide,
constant daily dose of 20 mg. Curve (': Acetamide admi- 00 £
nistered par enteris in a watery sclution in daily doses of < 77
10, 10, 30, 3V and 50 mg. successively, further 50 mg. daily.
Curve D: Acetylglycine, daily doses of 100, 200, 300,500mg.  « 09f
succeesively, further 500 mg. daily. Curve E: Urea, daily g
doses of 100, 200, 300, 500 sucoessively, further 500 mg. 0
daily. Curve F: Alloxan, constant daily dose of 100 mg. c
Curve G: Disthylamine, daily doses of 10, 20, 30 mg. su. 00}
ccessively, further 30 mg. daily. Curve H: Methylamine, WA "
daily doses of 10, 20, 30 mg. successively, futher 80 mg. 0
daily. Curve J: Amimonium acetate par enteris in watery

N

(4

daily doses of up to 500 mg. per rat, did not prove to be thiocyanogenic and had no
influence on tho course of the excretion ourve. Acetylglycine was administered in
doses of up to 500 mg. daily and acted on the curve in the same way as acetamide,
L e; a temporary increase oocurred with a return of the values to the original amounta.
As compared with the.values obtained with amino acids (v. below), the curve has
Qig‘fotracted character. Benzoylglycine (hippuric acid) does not influence the excre-
oyrve. ,

L :
.-, Urda.(the diamide of oarbonic acid) did not produce disoernible changes in an
fXperiment lasting the usual time. On prolonged administration, however, a very
marked increass in the amount of excreted thiocyanate occurred, seven to ten days
spommencing the administration of urea. Because of its close relationship to
aid as an.inhibitor of enzymatic processes, a test was made with
The administration of this substance, however, produced no changes.

4
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@ulinidine also had no effect on the courso of the curves. Alloxan, however, showed
ﬁnuymogmuorupchs. whish were disosrnible after prolonged administration,
a Jia the cane of urea.

ta the administration of the nucleio acid, Lachema, showed ay

_ In some experimen
. ssrosse in the exaretion of thicoyanate after a long period, while in other experi.

ments with the same preparation, thiocyanogenio properties were not found. The
mdthhomﬁictmgmﬂtmnotfonnd ‘

. T this commection the amines were also tested as possible souroes of endogenous

Theovetically these could give rise to pitriles by oxidative dehydrogen.
- ‘ ation.. The thiocyanogenicity of methylamine and
disthylamine was tested and it was found that hoth
these substances influence the course of the excretion
curve in the same way as acetamide, by a temporary
maximum ocouree, On increasing the dose the maxi-
mum is repeated.

Since many substances influence the exeretion of
thiooyanate by a temporary increase followed by a
return to the original values, an attempt was made to
ascertain whether these substances are not changed
in the alimentary tract. They are nitrogenous sub-
stanoes, the common denominator of whioh could be
ammonium. Oertain ammonia salts (acetate, chloride,
carbonate) were therefore administered par enteris

. Fig. 2. Tho influsmoe of the sdiministration of smino mi& on the
. excrotion of thiosymnate in the urine of rets, — Curve A: sspart
A 1 I acid, B; srgiokes, C: glycine, D: giutamio soid, E: methionine,
o r:maxm.«mm.&mamwm
o+ daily wd’lwm(.p-rn&.(mmpointanohdontha
., ordinate by the perpendicular at P. The values of the combinad
[ ‘“r » 4 ':' ) - ' . - :
solntion. With these substances also the thiocyanste excretion curve was
temporasily, as is seem in the ammonium aocetate curve.
The changes in the excretios of thiocysnate following the sdministration of
sestanilde, acevyl glycine, um,o’fm, methylsmine, disthylamims and ammonium
form of

" seetato are shown im the $phinfig. ) B :
‘The iufluence of the " of amino acids on diuresis was ahown clearly
gonly iu the ooee of yoethionine,” loss clegrly: with histidine. With the-other amino

‘\‘
1

*

the amennt of vrine was withia the: of normal variation. ~.
“ Yo curves of the excrotion of 18 thiooyanate jon, on the other tiand, w1l sho¥

geadient of ite courso are dotermined partly by the praperties of the aming aocio
under investigation und partly by the ical wtate of the snimal. This fact ¥
menjioned 80 that the increases in oprvoa, shall_be-takess only. a8 o relpuve
eriterion of the degree of in e sabsisnce e fcoyaiet
metabolimn and 80 that the wrm.p‘hlld»;bﬂ e 72l ’

k G Y .“""
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values before administration of the substances and less with regard to the mutual
relationship of the individual amino acids.

The course of the excretion of thiocyanate with the various substances ia given
in fig. 2. From a number of experiments with individual amino acids (2—5), the
curves of one experiment (2 rats) are given. The course of the maximum was marked
in al experiments. The height of the maximum is dependent on the height of the

.inal excretion, as may be seen from the course of a number of experiments with
the same amino acid.

The maximum is most marked with arginine, alanine and glutamic acid; because
of dependence on the experimental conditions, this particular property of the amino
aoids named would require more extensive material.

Table 3.
Levels of SCN’ in the Serum of Ruts

" Weight (g.) ]meg *, BON" in serum aftor ;
Rat No. Thyro- x 4
Before exper.| After expor. gl()glzohn Control *ro
1 134 121 i
2 122 109 414
3 112 102 558 514.8 '
4 104 92 462 * 687
5 98 87 T ~
o
8 119 127 428
7 117 128 420
8 108 122 462 421.2
9 96 119 378 +26.7
10 [ 2] 113 120

With the significance test of A. Aspin (Bioroetrika 36 : 200, 1949) a significant difference was found
for the 8%, lovel of probability.

Thyaooglob\\lin forte.Spofa, administered to rats in daily doses one one tablet per
mt for 16 days, produced s clear picture of hyperthyroidism. As compared with the
controls, the expetimental smma{; were much more restless and more easily tired,
and had an ipcreased appetite. They lost weight. The basal metabolism was not
determined becsuse of the technical difficulties. The level of thiocyanates in the
serum, following exsanguination, are included in tab. III, which shows an increase
In values as compared with the controls. .

- On the agminfstrajion of thyroxine and its analogues, an inaresse in diuresis

oscurs. In the case of tetrabromothyronine this does not occur until sfter the admin-

istration of the high dose of 50 mg. per rat per day. Following the administration

of 1 mg. thympxine there is & temporary inareass in values with a maximum, which

i repeated on inoreasing the dose. The values then fall, but still remain higher than

the originalvalnes. On prolonged administration they slowly inarease. Following the
the character

Mminjstration of of the curve is similar, but is somewhat
More protractéd. ine, administered in doses of 10 mg. per rat per day
ngvabout’aguastl, bet discesmible inerease in the amount of thiooyanate excreted,
vis Hieiriiyy by & maxinrum. It is not shown whether the

" Dyl “Mvillor whether they % “somewhat raised.
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Tetrabromothyronine, sdministered in doses of 20, 20, 30, 80 and a further 50 i,

per ras per day did nos produce any noticeable changes. '

The Jong-term observation of the excretion of thiocyanate with the continuoy,

- administration of thyroxine or thyroglobulin showed that after the maximum hag
been reached, the ues remained raised snd continued to rise (fig. 3).

A pilot experiment was also earried out to investigabe whether this effect could e
suppressed by a goitrogenic substance. Methylthiourscil was used and was admin.
istered for three f‘ in daily amounts of
50 mg. Sines methylthiouracil reacts with
the i reagent, the curves for
this period are recorded in dashed lines

&CH'[!L hes

glscwm -

¥ig. 1 Cumxes of the exoeetion of thiccyanate after the administration of thyroglubulin and analogues.
Curve A: Thyreoglobulin forte Bpofs (0.5 mg. bound iodine), one tablet per rat daily. Curve B: Diiodo-
fyvosine in daildy dawse of 10, 10, 10, 10, 20 mg. succeasively, farther 20 mg. per rat daily. Curve C: Totra.
. -lremothyronine, i daily doses of 30, 30, 30, 50 mg. sucocessively, further 80 mg. per rat daily. The
subatences wers administered from the point denoted on the ordinate by the perpendicular at P; i
«. w" -+ valeey of the combinsd urine of two rats are calculated for ons rat.

Fig 4. The influsnce of the sdministration of thyroxine and thyroglobulin on the amount of thiocyanate

. exoreted in the urine of rats and the effect of methylthiourscil (MTU), Curve A: Thyreoglobulin forle
. @pofs (.5 mg. beund jodine), two tablets per ret daily. Curve B: Thyroxine, one tablet per rat daily.
mmemmmtrwmmmmmumw
 methylthiouracil wes codimenoed. The adsinisteation of methylthiourssil for three days denoted by
. seraws. THs velues' m:uhwuumdmmummmma reaction

& . (v. fomct). T8 i e sorabimed yrine of two rets are calenlated for ons rat.

(. fig. 4). After the excretion of methylthiouracil, the level of thiooyanate remains
at the original value. It has not yet been ascertained what oourse t e excretion of
thiecysnate tales. when thyrexine is discontinued, without the addition of & goitro-
geonio substance. .. . .o e S e . : ‘
- The values of the permanent inorsase are W on the amount-of thyroxin®
¢ thyrogiobulin administered. The leager the O ;thwthomm@

. .“ a :! Ay, l,’ ‘ SRR o \%{. * ,’?"‘ﬁﬁ.‘;k-x_‘ﬂ L

. ' R - lh'm.“’“‘“v :’* T e "' ) ae
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In the presence of iodise e ; TN raly “me

residue of iodine from the cells of the
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by this mechaniam, but it is also possible that the inoreased level of cyanidcs resulting
grom the hift in the thiocyanate-cyanide balance leads to a greater suppression of
oxidation prooesses, ginoe the cyanides are powerful inhibitors of oxidation enzymes. -
1n this case there would be an anu%onistic relationship between thyroxine and the
sysnides, im which thiocyanate would act as a link neutralising the toxicity of the
cysnides. Such & mechanism naturally places great emphasis on the endogenous
metsbolism of thiocyanate. The raised level of thiocyanate in thyropathic condi-
tions would then be due to a metabolic disturbance related to the changed conditions
in the thyroid gland. In placing greater stress on exogenous thiocyanate in thyro-

thic conditions it would, on the contrary, be necessary to assume that the goitro-
genic action is due to increased intake. Some data of the present work show that the
endogenous metabolism of thiocyanate has its own particular importance and that
its existenoe in relation to thyropathic conditions must not be neglected.

As the source of exogenous thiocyanate, the precursors of thiocyanate from
food—nitriles, cyanides, cyanogenic substances, etc.—must also be taken into
account. The nitriles are considered to be a degradation product of the isothio-
cyanates, which are likewise contained in plant food in the group of Cruciferae. The
genus Brassica, belonging to this group, contains cabbage, Savoy cabbage, kohlrabi
and caulifiower, that is to say foods to which goitrogenic action has been attributed
and which appear frequently at our table. The thiocyanogenicity of these plants has
alrendy been described (Dezani 1918). The source of the thiocyanates in cabbage,
for example, was not known. Thiocyanogenic properties of the nitriles have been
found in synthetic derivatives and in derivatives found in plants of little or no
nutritive significance for man. The existence of such nitriles in cabbage leaves had
not been described up to their isolation by -Henbest (1953). The 3-indoylacetonitrile
isolated by Henbest was found by us to be a substance with thiocyanogenic pro-
pertics. This is the case of a natural thiocyanogenio substance from food which is
consumed in eonsiderable quantities. Although the results of investigations on its
thiocyanogeniaity in man are not yet complete, this finding supplements the data
ou nutritive thicsyanogenic substances.

The isothiocyanstee were not found to be thiocyanogenic substances. They
influence the course of the Aldridge reaction and their presence might therefore be
& source of negative results. They are, however, rapidly metabolised and do not
reach the urnine. A qualitative determination of their presence in the urine of rate
was made in imens taken at random after the administration of isothiocyanates
but their preeence wes never demonstrated. On the basis of this the isothiocyanates
would not appear to be nutritive thiocyanogenic substances which might be respons-
ible for the increased secretion and accumulation of thiocyanide in the blood follow-
ing the intake of food from the genus Brassica. There still remains a possibility,
however, that the iscthiocyanates are present in the urine in the form of an unknown,
bound, derivative, which would aleo inhibit the Aldridge reaction. This poesibility
sould naturally oot be investigated within the goope of the present work. -
+in g gtudy of the substanges which might act as precarsors of the thiocyanates
L] metabolisss-—i. 6. the amines, amides etc.— the increase in values to
» naw, higher lovel is not shown on the thiocysnate exoretion ocurves as being
dapnﬂm,m the deve adminiutered, as is the case with typical thyiooyanaton like
e piteiles. A e maxiooum of the vajues oocurs, after whioh the curve sgain

allago . course is also found, to a greater or lesscr dogree, in all
.An‘ﬁyilol theee curves in relation to diuresis shows
out of thicoyanates from the tissues by au increased

'
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velume of urime. Diuresis is a factor only with some substanoes aad has no beari
om the course of mazimum excretion. Where the excretion curve has a maximum
i.e she administration of ssetamide, acetylglycine, methylamine, dicthy):
and all the amino avids and gumonium salts investigated, thess substance
be regarded as Wa only if the ng.hed sdministration of t},
suhatance led to inhibition of she system which forms the thiccyanate from
This is, however, improbable. A more probable explanation is shat on the
elministeation of these already formed thiocyanate or oyanide, possibly
beund $o projsin, is releassd. This ion is also supported by the ability of
thiocyanate 40 become bound to and also by the xﬁﬁmmp to the height
of the maximum level of thiooyanate exareted befare the administration of the amino
sid or subsiance with a similar action. Ou the bhasis of this interpretation the amino
alle cammot be considered to be thiooyanogenic substances, the same applying to the
amides, ete. This sxcludes the possibility that the metabolism of the thio-
gyanates takes acoording to the scheme described above, via amines and
from acids or proteins.

I» dissnmsing the behaviour of the amino acids, mention should be made of the
behaviour of cystine. Cystine is considered to be the substance, the sulphur of which
. she'gource of the sulphur of the thiooyanate ion. In our experiments, however, it
b mot shown ae having a thiocyanogenic action. Sinoe exceas cystine, howover,
hecomms & source of thiocyanate in cyanide poisoning, it can be assumed that the

5 factor of the formation of thiocyanate under normal conditions is the

of eyanide in vivo. Under the conditions of cyanide poisoning, on the
. the kimiting factor is cystine sulphur, since on the administration of
or j:.ﬁhw the toxicity of cyanide decreases and the formation of

o Usos and alloxan, whioh bring about an inarease in excretion without & maximum,
0% Bapwise nt thi io sabstanoes of the type of the nitriles. Their action
doss not begin prasptly. These substances are either metabolisod in
smether mamner sad only thelr metabolies become a source.of thioeyanate, or their

’mpﬂm s dissaned state of the oeganiem, whioh is manifested in the

: exaretion of thicoyanate fuom quile souroes. This is perhaps the

x‘ vith nwoleio acid in oxpuriments in which, after the administration of this

fith

!

sxeretion ocpursed. .-

- YAs the question of the anogenicity of proteins on the one hand and of
,'“m the purines or on %he pther. thess results tend to indicate
. s development of thiocyanate frowm the nucleio acids rather than from proteins.
i‘l& two groups.of substances are chmsidered in the literature as possible souros
"o aute, on the basis of stedifs emthe cantent of thiosyanate in the blood and

-its excretion snder various ph " conditions. The thiocyanogenicity of
L peotains appears to be less pi Jo ainee tho amino acids administered did not

- show thiosyanogenie properties. Om vﬁm‘ hand, thivcy mjoity—even
“afhough mlnddtypo——mma and d&:np substances mnotm close to the
and pyrimidines, tends 10 lend sugport 3o the view-ghat thiocyanate develops
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. btio is evidence M ﬂn process of the formation of thio-
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te more or less on the physiological
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1. Introduction.

The isothiocyanate producing glucosides constitute a well-defined
and unique class of natural products which occur in a large vaniety
of higher plants, belonging to a relatively small number of botanical
families. They are characterized by the ability to undergo enzymic
hydrolysis to fsothiocyanates (mustard oils), hydrogen sulphate and
D-glucose. Invariably, the latter has been cncountercd as the sugar
moicty of the more than thirty individual compounds so far recorded,
justifying the designation of the latter as glucosides.

On account of the conspicuonsly pungent properties of many mustard
oils this group of glucesides has attracted scientific interest for hundreds’
of ycars. The time period prior to about 1850, with its fragmentary
concepts of chemical structure, was followed by a period of considerable
progress, culminating around 190o with the proposal of a gencral chemical
structure of these glucosides. After alinost five decades of little activity,
this province of natural product chemistry has enjoyed a considerable
revival since the end of the Second World War. Recently, the subject
covered in this essay bas been reviewed by various authors (10, 37, 40,
57, 5%, 60, 62, 157). However, a more comprehensive treatise, including
data for the individual representatives of this class of compontnds may
be of help in future studies.

Particular emphasis will be placed on reeent developments, whercas
only scant attention will be given to the analytical aspects of the subject
which have recently been surveved elsewhere (745). Possible  trends
for future activities will be indicated.

11. Historical Development.

References to higher plants as sources of volatile, pungent principles
date back to antiquity. Mustard, and allied species, have been emiployest
as condiments and remedics for centuries, and nmmnerous specutations
cuncerning the active compounds appeared in the literature, long before
modern organic chemistry wus founded a hundred years ago.
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A valuable key to the oldest literature is the monograph by GILDEMEISTER
id Horrvanxy (36).

About 1830. various investigators demonstrated that the production
of volatile mustard wil from seed material required the presence of water.
A decade later, the enzymic character of the reaction was envisaged
by Bussy (8) who isolated the parent substrate from black mustard
seeds (Brassica nigra Kocu) in form of a crystalline potassium salt of
aa acid, termed “acide myronigue” (myron = balsam), which has
subscquently become known as singgrin. An auxiliary compound, known
today as‘an enzyme (imyrosinase), was termed “myrosync” (syn == with).
As early as in 1831, RoBiguer and Boutrox (113) isolated from the
seeds of white mustard (Sinapis alba L.) a crystalline, sulphur-containing
constituent which later was named sinalbin and recognized as a mustard-
oil producing glucoside. Only a single addition was made to the list
of crystalline glucosides prior to the present post-war periad, viz.
glucochesrolin, a compound isolated by ScHxFIDER and Schirz (128)
in 1913 from wall-flower seeds. Today, the number of crystalline
glucosides of this type excecds ten, in addition to half as many which
have been characterized as crystalline acetates. The existence of a
considetable munba of further glucosides is indicated by current
knowledge of their enzymic fission products. The latter comprise a
variety of fsothiocyanates, XNCS, which, for the sake of the present
discussion, will bhe divided into groups according to their structural
tvpes. Up to 1952, when interest in this field was revived, eight mustand
oils of established structure had been recorded. Today, the number
runs close to thirty, and several further additions may be expected in
the near future.

A reliable survey covering the literature to about syjo was presented by
SCUNEIDER (124).

Clearly, this progress is a result of the developient of modern analytical
toois. The discovery within a few years of about four times as many
glicosides and mustard oils as known earlier illustrates the immense
influence of new methods such as paper chromatography on the study
of natural products.

The traditional interest in the sothiocvanate glucosides, virtually
limifed to their applications as condiments and remedies in folk medivine,
has recently been deepened by several biological effects of the glucosides
or rvather their enzymic fission products.

11I. Parent Glucosides.
1. General Propertics.
All glucosides discussed in this Chapter are of the same general
chemical character and hience. possess similar properties. The nine dso-

Krferences, pp. 169---1-6.
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thiocyanate-producing glucosides thus far described in the erystalline
state are listed in Table 7, p. 137, which also includes references to the
original botanical sources of the individual compounds.

It will be noted that, apart from the long-established trivianl names sinigrin
and sinalbin and the lately introduced designation progoitrin (42)%, the glucosides
have been consistently named by adding the prefix “gluco” to an appropriate
part of the Latin name of the botanical species in which the compound was first
recognized. This arbitrary nomenclature often leads to rather unwicldy designations,
which might conceivably be rationalized by an alternative nomenclature based
on & geveric trivial name for the molecular entity common to all glucosides, preceded
by the systematic chemical name of the side-chain of the individual compound.

All glucosides of this class contain a sulphuric acid residuc and are
accordingly isolated and handled as salts; they contain mostly potassium
as the cation, because of the abundant presence of this element in plant
tissues. Sinalbin, the classical glucoside of white mustard, is unigue
in the sense that it contains sinapine (1), a rather widely distributed
quaternary base, as its cationic moicty (cl. 1.2.4).

CiO
N, +
H()--r’\ %--CH - CH— COOCIHL,CHN(UHy),
I/‘ '
CH,0 (1} Sinapine.

The excellent crvstallization properties of a few glucosides such as
sinigrin, sinalbin, glucocapparin and glueoiberin, are in marked contrast
10 the generally experienced diffienlties in inducihg the other purified
mustard oil glucosides to crystallize. This explains, why only nine out
of more than thirty gliwosides have hitherto heen obtained as crvetals
Recently, Errninere and LUNpryN (23, 24) have shown that certin
tetramethylammonium salts possess good crystallization propertics.

In a number of ipstances, acetviation of amorphons sothiocyvanate
glucosides was advantageousty employed for characterization purposes.
The well described ey stalline glucoside acetates are listed in Table .
p. 158, Usually, four acetyl groups are introduced, all lacated o the
ghicuse moicty., Inone fustanee, vir that of glucorapiterin (== progoitiing,
a fifth acetyl entuis o sccondary hydroxyl group in the side-chain (s,
wherens plucoconringiin, possessing i tertiary hyvdroxyl fanction in the
aglucone, is oot acetvhated  in this  moiety under the conditioms
coployed (82).

+ ndependentdy, the nmame “glulovapifoon’’, constructed in avcand with the
general practice within this fickl, was proposed for the sams glucoside by othe
authors {738) but, uniortunatddy, it scems to Fove rectived Jess pecopiitioa than
the rather unortiodex designation "progoitin’™.
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In addition 1o the acetyl derivatives listed in Table 2, several non-homogencowrs
presacoiions of other glucoside acetates have been reported (2571). The acetvlated
products of glucoberteroin (152) and glucomatronalin (r51) have been omtted
from Tabic ¢ because the infrared spectra (142), which display only minas
differences in such glucoside acetates, are the sole documentation available for
hese derivatives. As seen {rom Tables 1 and 2 (pp. 157, 158), most gluco~des
and their acetates crystallize fron water or agueons aleohols as monchydrites,

In accordance with their structure, the crystalline glucosides arve
colourless and water-soluble. In aqueous solution they all exhibit lrra-
rotation. Apart from glucoiberin which possesses an asymmetric sulph-
oxide-group in its side-chain, all known glucosides display rutations
of 1onghly the same inagnitude suggesting fi-glucoside characrer*.

2. Distribution in Plant Tissues.

The distribution of the various isothiocyvanate glucosides withiy the
vegetable kingdom will be discussed in Chapter VI, p. 154. 1t should
be emphasized that the ocenrrence of more than one glicoside in a given
botanical species s the rule rather than the exception. As many as
¢ight individual glucosides have been clearly distinguished in a single
seed specimen.  Within the  ghicoside-containing specics  the  paent
compounds often scem to be distributed over the entire plant. According
{0 GUIGNAKD (4f), the glucosides are diffusively present in parenchivinal
tissues, especially in the bark. In seeds, the embryos constitute the site
of accumulation.  Only few systematic studics have been undertaken
to establish the variation of the glucoside content as & function of tis
stage of growth, or of environmental factors such as climate, <ol
composition, ete. Tt is iteresting in this connexion that STAILANN
(1 al. (744) found z-phenyletiyl dsothiocyanate, the aglucone of chice-
pasturtiin, to be the predominant mustard oil enzymically Hiberated from
roots of black mustind (Brassica nigra Koa); the seeds represent the
classical source of sinigrin which yields allyl fsothiocyanate npon enzvinic
fission.  Further, Drraviear (16) has studied the total and refative
amounts of the individual glucosides in Altiaria officinalts during its
growth cvele and noticed considerable variation. Numerous (mstly
unpublishied) observations from the author's laboratory clearly mdicate
significant quantitative, wnd frequently also qualitative, changes
the glicoside pattern of a given species, from the roots Lo green organs
and to seeds (cf. Table s, p.101). Likewise, considerable vaviatioms
were observed occasionally when the glucoside contents in botanically

» The rotatory dispersion curves through the wavelength yegion 295 Goo 1o
of a number of representative glucosides hom the auwthor's laboratory have kindly
been determined by Dr. W Kiysg, Postgraduate Medical Scionl, University o
Fondon. They ail ¢xhibit negative plain curves through the entite vange, o.v.
curves devoid of anonnlous dispersion (no Cotten effect).

References, pp. 164 —176.
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identical seed specimens of different provenance were compared. Henee,
it is tmperative, here as in most provinces of natural product chemistry,
to define the botanical source very carefully.

Most glucoside studies have been conducted with seeds which are
waually rich in the desited compounds.  Sceds are often more casily
available than the fresh plants and the isolation procedures are simpler.
Maorcover, scasonal independence is another convenience when working
with seeds’

From the above it would appear that much remains {o be learned
about the location of mustard ol glicosides in various tissnes. Clarification
of such problems may prove most helpful in attempts to clucidate the
hingenesis and metabolic pathway of this class of natural products,

3. Detection, Isolation, Separation and Determination.
a. Daper Chromatugraphy.

Untit a few years ago, all references to the occurrence of fsothiocyanate
glucosides in higher plants were based on the detection of mustard oils,
liberated upun enzyinic hvdrolysis, whereas no analytical procedure
evinted for the detection of the glicosides themselves. As in most other
areas of biochemistry, paper chromatography has been put to goad
sorvice i the class nnder discussion.

Scivirz ot alo (8, 1310133, 139) developed a method {or paper
chromatography of the penuine ghucosides, applicable to crude exiracts
of plant material, with the use of various solvent systems {ie-butanol T aretic
acid - water, collodine : witer ete.) and with ammoniaeal sibver nitrat
as o spray reagent. This method, eombined with chromatography of
cortuin derivatives of the corresponding fsethioeyanates (p. 139), has
afforded the experimental basis for practically all the progress n s
{34 dunng the st decade, it has helped to establish the plucosde
patterns of numerous plant species (38, 137, 133, 139, 151} and vieldhd
mauny  new  ghicosides. The ease of performance and  the minbin
requirement of material render paper chromatography well suited also
{or chemotaxonomic studies (87).

1n view of the large numbe of well-known, gennine fsothiocvinat:
;;ln(:o;‘idvs, paper chromatography  alone does not provide sufficient
evidence for the identification of an individual spot but it provides
valuable assistance in this task. Evidently, a need does exist for developing
of still better differentinl-diagnostic assava, At present, caution 1=
recommiended when assigning definite glucosides to a given phat solely
on paperchmnmtugxuphi(‘ eoidenee . several erroncous statements have
appeared in the literature vn this account.



‘The paperchromatographic technique has proved to be very useful
also in purifying extracts as well as in synthetic studies.

b. Isolation and Separation Methods.

The procedure of extraction and purification of isothiocyanate
glucorides involves disintegration of plant tissues in such a way that
enzvinic hydrolysis be prevented or minimized, extraction of the glucosides
with water or aqueous alcohols, removal of impurities, crystallization
and purification.

The classical isolation of sinigrin from black mustard sced (129) was improved
by $rorn and SEERBECK (146), who employed fresh horse-radish as a source. Three
kg. of fresh roots, containing 60~70%, water, afforded 50.6 g of analytically pure
giviziin. Well-crystallized glucoiberin was isolated from seeds of Iberis amuara L.
by « very simple procedure (136). Tn most instances, however, particularly when
the plant extracts contained a mixture of glucosides, the traditional procedures
weie unsuccessful.

Fortnnately, modern methods of fon-exchange have made the old-known
ghicostdes, as well as 1 seres of new compounds, more casily aceessible in crystaliim
or highly purificd fovm (Table 1, po1ag). Scnoirz et al. (38, 137) studicd the
aoploability of vanons anion exchange resing (Lewatit Mi, Ambethte TH-g00
awd Aberhite TR 10 the wsolation of sustard onl plucosides and found that
Ur etier. due to ther dhracter of sabstituted sulphates, can be reluned
Grabtatively on the senins and thus be freed fromy impurities, such as sinapune,
and other cationin or teuttal contaminants (carbohydiates, ete). Subsequent
clunion with KO o soiphate solutions afforded a highly purified glucoside wloch
in ceveral cases crestdbaed, A very u~cful modification, in(mdm‘.qd by the same
achoss (38, 2350 0345, 138, 140, 740, 151} wnlizes the jon-exchange praperties of
wod-washed (Canionctiopic”) aluming. This exchanger has the additional aoihity
of 1etaining colhured wad other hnpunities, In a few justances, fractional chuiien
of glucoside-toaded alumina columns has allowed the resolution of o plucostic
ninture into its congonents (151), wthongh this selectivity seems to e rathier
Luuted, Much expairnce in the author's laboratory has confirtned the broud
ay pheability of anionotropic alnmina in the purification and isolativie of yan fad
oil gincasides: ve conader this as the tool of chowe. Clearly, jon-exchonge 1eamns
are woll suited al-o for uiirodncng othier cations, such as tetramethylamoram (2

or rubidiune (613, nto the glucosides.

Fead acetate, o comnmonly uaed reagent i the purification of glucosides (149)
and other plant products also removes soone imparitics from crude extracts of
s tard oil glucesid s yotor woaon exchiange (23N, 151), although prolonged contact
with lead contabeig seazents  may lead 1o foses of  thioglicosides as wae
demonstrated ot o (1280 D the anthor’s Liboratory, lead acetate precipatation:
pave bean used cxtersecely, with Evourable reaudts (07, 75, 80, 83, yo).

Other procedutes include electiophorssis (Fgo) and partition chromatogriphy
onceltulose powdor (g8, 1 g2 Neither of these proceed cutirely satistactorny,
thongh the lutter teciigue, when apphed to acetylhated piucosides, has atoraea
punticd (138) ot bomwogeneans (140} preparitions, Laobited examples ot the use
of cowntercurrent  distribation (47 aud adsorption cinematograsphy o Saty,
ethanol (12} for the separation of chemicddly sunitar vlucosides sageet Lroader
apphicabibity.

Kelerences, pp. 16G--154.
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To summarize, the method of isolation and purification should bhe
selected in each case with due regard to the nature and amount of
contaminants. Mostly, the available methods will prove satisfactory
for the preparation of glucoside fractions free of extraneous matters,
A grcat need exists, however, for efficient preparative procedures which
wonld resolve complex mustard oil glucoside mixtures.

c. Quantitative Determination.

Only a few systematic studies have hitherto been undertaken to
detevmine the quantitics of glucosides present in plant material.
Customarily, the contents have been evaluated indircctly, by estimating
the cnzymically praduced  fsothiocyanates; for this purpose scveral
methods exist Tef. (rg35)). Repeated observations indicate, howcver,
that the enzymic fission rarely affords quantitative yields of mustard
oils. Hence, an analvtical proceduic, based on cleavage of the glucosides
in strong sulphuric acid and followed by a colourimetric glucose
determination, using the anthrone reagent (38, 134), was helpful. A
feature that detracts from the usefuliess of this method is the necessity of
removing, prior to anlysis, all disturbing impuritics, such as free sugars,
glycosides, ele., by paper chromatography or jon exchange.

On the basis of an extensive series of paper chromatograms of 1vo-
thiocvanate plucosides from higher plants, and also from htevatwre
references concerning the quantitivs of mustard oils liberated by cnzymic
Indrolysis, it can now be clained tiat the total and relative glicoside
contents are subject to considerable variation. The amounts range from
traces to several per cent of the dry weight. As in many phytochemieal
comparisons, doubt may arise as to whether or not a trace ghicosid
should be counted as a characteristic constituent of a plant. This, of
course, is entively dependent on the sensitivity of the analytical method.
Futthermore, the glucoside pattern of even a single organ of a given
species may show considerable variation depending on environmental
factors. Pertinent quantitative studies have yeceived much less atveniinn
so far than did qualitative aspects.

4. Chiemical Structure.
a. Earlier Formudation,

Studies of the chemistry of sinigrin and sinalbin, the classical nstard
oil glucosides, commenced severad vears before AL W. Hoexasy (o}
established in 1868 the true structure of the fethiocyanates aied their
isomeric relationship to the thiocyanaies. Of patticular importanee v
thi< conuexion is a contribution by WILL and KORNER (153) (i%03)
They established the correct elementary compe-ition of sinigiin and

Fortsbritte d. Chenp. weg, Nasuest, XV o
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dumonstrated the formation of free sulphur and allyl cyanide, in addition
10 allyl isothiocy anate, glucose and sulphate, upon enzymic decomposition
of sinigrin. Furthermore, they studied the cleavage of sinigrin with
silver nitrate, tesulting in precipitation of a glucose-free silver salt which
on decomposition with hydrogen sulphide afforded clementary sulphur
and allyl cyanide. The latter was established also as @ minor constituent
of allyl mustard oil of natural origin. Wit and KORNER concluded that
sinigrin, in addition to glucose and sulphate, contained the clements
of sulphur and allyl cvanide, arranged in such a manner as 1o allow
for the éimultancous formation of allyl isothiocyanate, allyl nitrite and
sulphur, npon enzymic hydrolysis or chemical cleavage.

HorMANN (51) was the first to report on the presence of 0.32-0.50%
of carbon disulphide in naturally derived, as well as synthetic allyl 7so-
thiocyanate. The origin of this contamination has been discussed by
CHALLENGER (I0).

On this background it may surprise that GADAMER (3v) in 1807
ventured to propose for sinigrin and sinatbin the structures (11} which
vemained virtually unchallenged until a fow years ago and still appear
ic most clementary texthooks,

,S“‘(c“n”a
-~
R- N C_
"0--§0—-0 N7

()
(Ma) K+ CH, CH -CH, X K. Sinpam.
b)) K (pIHOCHCH, o X = Noapene, Sinathin (Garav v},

Structure (11) makes it difficult to explain the formation of nitriles.
On the other hand, it satisfactorily accouuts for the enzyinic hvdrolysie
1o tsothiocyanates, R— N C= 5, glucose and  sulphate. Additional
evidence given by Gapamer for structure (1) included the reaction
of sinigrin with silver nitrate (30). When onc equivalent of the fatter
was used, glucose was detached from the glucoside, and a silver mercaptide
appeared, suggesting the original location of the sugar moicty in
thioglucosidic linkage. In case of an additional equivalent of silver nmurate,
potassium  was exchanged by silver to give a cryvstalline compuoind,
1 HNCSHAQH(SOAR). Information on  the molecnlar site of the
sulphate-gronping was sought in the hehaviour of sinigrin towards barim
hydroxide. Whereas the gincoside was unaffected by boiling barium ¢hlo-
ride, the hydroaide caused instantanecots precipitation of bainm sutphate,
indicating the presence in sinjerin of sulphuric acid i oan ester Jinkage

Analogous teasoning led GADAMER to propose the struchee (Hb
for sinatbin, the parent glucoside of white mustard (Sinaps alba LY 00,
which furiishes g-hydroxybenusy! Zsathiocvanates upen ensy nmic hvdrolvst,

RNefercnces, pp. ivg - 176,
7] , s 47
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as rendered likely by SALKOWSKI (124) and confirmed in our laboratory {g4).
An unusual feature of the sinalbin structure is its content of the base
sinapine (I, p. 125), the choline ester of sinapic acid, which GADAMER
has identified as 3,5-dimethoxy-4-hydroxycinnamic acid (3¢2).

A welcome corroboration of the presence of a thioglycoside linkage
in sinigrin originated from studics by ScHNEIDER and WREDE (129)
who showed that treatment of the glucoside with potassimm methoxide
vielded 1-thio-D-glucose, isolated as the silver salt. This observation
was later extended by the same research group, with the result that sinigrin,
and other analogous ghicosides as well, are 1-f-D-thio-glucosides (123).

The same authors (72¢) demonstrated the formation also of “mero-
sinigrin”, for which a cyclic structure was proposed, during treatment
of sinigrin with potassiom  methoxide.  The strongly dextrovotatory
compound yiclded a triacetate and was ohviously formed by elimination
of one molecule of sulphuric acid from S rn.

In spite of the carly recognized nitrile formation already mentioned,
and several observations of the production of varying amounts of arganic
evanides during both enzymic hydrolysis and chemical fission of othe
glucosides (cf. 70), the GADAMER structure was ot serioushy guestioned
antil a few vears ago. This appears even more astonishing i view of
the formation of other recognized by-products during the  enzymic
cieavage, such as free sulphar and carbon disulphide, the appearmee
of which is not casily reconcilable with Gapangi’s formulation. It is
only fair to point out that these difficulties vere not ignored by Gapaik
Dut he assumed that the positive evidence mentioned was sufficicntlyv
convineing o justify his proposed structure.

A thorough, critical diseussion of these developments liav been presented
by CHALLENGLER (76) in a recent monograph, that also contains speculations

Con the formation of the variens by-praducts in the Jight of present-day
knowledge.  Especially, the many instances  of concomitant  nitrile
formation during enzvmie hyvdrolysis of thioghicosides are reviewed.

b, Revised Strictities.

In 1956. Erinincer and Luspeex (23) pubbshed an ot tant
communication in which structure (H1) was convinecingly establishoed
as a correct expression for sinigrin and sinalbin.

S C,H,,0,
r—C

5l
N

“Ne o8O0, O X*
1y
(111a) K+ CH, -CHCH,, v sk, S nigin
(LY R P HO O, A Senapie. Simatb,
(I K- (OO, Y UHN

I'Ad
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The tevised structure differs significantly from (IT) by having the
cide-chain attached to carbon, rather than nitrogen, which is accommod-
ated in an oxime-like arrangement. Accordingly, the glucosides may be
interpreted as substituted thioimino acid esters or, rather, fsothiohydrox-
amic acids.

Conclusive support for the revised structure wus provided by the
following reactions: (i) Hydrogenolysis of sinigrin and the tetramethyl-
ammonium salt (IT1¢) with Raney nickel furnished, respectively, n-hutyl-
amine and tyramine; (i) acid hydrolysis of the same glucosides afforded,
respectively, vinvlacetic and p-hydroxyphenylacetic acid; (iii} the acid
fission was accompanicd in both instances by formation of hydroxyl-
amine in 50-90%, vields. None of these results are compatible with the
G ADAMER structure. In addition, the American authors presented evidence
for sinigrin being a B-1-thio-D-glucapyranoside by desulphurizing its
{etraacctate to 1,5-anhydro-D-glucitol tetraacetate. The only structural
detail which still remains to be settled is the configuration around the
C = N-double bond. Indircet evidence, quoted below, appears to support
the anti-configuration (I11) of the side-chain R and the 080,00 -grouping
(23)-

In the hight of current knowledge, merosinigsin, the transformation
produet of sipigrin mentioned, ahinost certainly possesses the structme

and conformation (A1),
L0
noHoHC 7

no/ w ll'lr . A
~ Z’

e
wo_ /.7 N U 0—CH-CH=CH,
! .- :

O—-N
(HIAY Merosinigrin,

H

Structure {I11) makes the frequently observed nitrile and svlphur
formation tmore understandable.  As pointed out by ETTnINGER and
LuspeeN (23), thiohydroxamic acids have formerly been demonstrated
(g, 150) to undergo facile decomposition to nityiles and clementary sulphnor,
Thus, #sothivevanates (R'NCS), mainly of the womatic type, add
hydroxylamine to give compounds of the type RNHCSNHOH which
readily decompose in the following mauner:

SH

k-t e I CiEN 4 S 4 HO (= BN

N

N —OH
similar cleavage of the silver mercaptides, ol intermediates i the
enzymic hydrolysis, proceeding concurrently with the isethiceyanate
References, pp. 169176,
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formation, may be respensible tor the ebaerved formntion o the ) v
products.

The new formulation (1T imphies that an intramolecular reasranyenn:
takes place both during enzymic hydrolvsis of glucosides and, occusjunaflyv,
by nucleophitic displacenent of the metal from the silver mereaptides,
The analogy of this reaction with the well-known Lossen rearrangement
of hydroxamic acids has been pointed out by the American avthors (232

This mechanism lends support to the suggested configuration wron
e C=N-bond. in view of the generally vecognized ant? conhgnration
of the migrating group in such rearrangements. Moreover, there is some
evidence available (24, 67. &), though pot as vet conclusive, to mdicatr
that the rearrangement proceeds with retention of the configurition
of the migrating group as expected for a reaction of this kind. The
hydrolysis of the glucoside is probably nnique in the sense that it invalves
an enzyme-initiated, intramolecular, nucleophilic displacement; henee,
it is of considerable interest. A more detailed study of the factors
influencing the relative amounts of fsothiocyanates and nitriles produeed
it the enzymic reaction would be destrable.

In this connexion, the recent demonstiation by GMELIN and
VIRTANEN (o) of an cnzvine occurting in the seeds and fresh plaits
of Thlaspi arvense 1. and I opidison ruderale L. deserves attention: it
cleaves the glucosides sinizrin and ghicotropacolin present to allyt wnd
benzyl thiveyanate, respectively, Apparently, no concomitant production
of isothiocyanates takes place in these plants, whereas ordinary garden
cress (Lepidinm saticam 1) gives rise to aomixiure of benzyt thiveyanat
and bengyl dsothiocy anate when yeacting with the plant’s own cizyme
systemn.  Other species have been Tisted by the same anthors {(39) as
»dditional sources of thioeyanates. Possibly, an unknown factor goveining
the course of enzymic attack is operative. Indead, it wias questioned
by SCHMIDT (122) many years ago whether altvl dsethiocyanate was
e primary reaction product of enzyinie ingin hvdrolysis, considering
the facile isomerization of alh} thioevanate to the corresponding iso-
thiocyanate. lnzvmic cleavage experiments conducted at 0" by the
aitne author afforded, however, only traces of the rhodanide and aid
not support the assumption that the latter is the fust reaction product.

In ‘conclusion, a1 the present time three pathwavs seent to enist
for the enzyvimic attack on this class of glicoides: (i) A course invohving
intramolecular  reartangement  to dsothiorvanates, (i) an alternative
route, predominant in certain plants, that Jeads to thiocyanates, obviously
by rearrangement; and (iif) the formation of nitriles and clementary
sulphur with no change in the carbon sheleton,

Differences in the enzymic systems as well as in the mitial sites o1
attack are likely to be responsible for ihi maltiplicity of the observed
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end products. 1t would be inportant to clarify the detailed mechonism
of this remarkable euzvme reaction,

Shortly after the publication of structure (1L, p.131), Scnerrz
and WAGNER (742) expressed doubt as to its correctness, because they
failed to detect the expected C- N stictching mode in the infrared spectra
of various glucoside rcetates, and were unable to hydrogenate the same
group catalvtically by mains of Raney nickel. Neither of these arguments
seems, however, 1o affect the validity of (111). There are numerous
cases on record (29) of substituted oximes, whose C=N stretching
bands are very weak or absent. In fact, a complete set of infrared spectia
of the crystalline tetraacetates listed in Table 2 (p. 158), recorded in the
author’s laboratory (54), invariably display a weak, but consistent
band at ~ 1640 -, the expected position for the C=:N stretching
mode. The failure to saturate the C:=N linkage under the conditions
cmployed can hardly surprise considering the shuggish reaction of a
concurrently  stielied,  synthetic model  glucoside  acetate and  the
insufficient aualyvuend assays employed.

There are good yeasons to believe that all glucosides encountered thus
far in nature poswoss the same general structure as that of sinigrin,
sinalbin and glucotopacolin, with the individual features residing solely
in the side-chains. Thus, varions other glicosides jprogoitrin (2;3), glaco-
malcolmiin {yo), glucohirsutin (66), glucoerypestrin (78), glucocameli-
nin (83). wlucoalyssin (735), phicocapparin (7.4), vlucocinringiin {41), ctc.’
which have been subjected to degradation, all afforded at least tvo of
e fission producis: ghicose, sulphate and hydroxylamine, the typical
fragments of stracture (L),

¢. Svuthests.

Shortly alter the announcement of the glucoside structure (11175,
FrrnnceEr and LUNireN (24) reporled on the first soccessful svuthesis
of an fsothiocyanate plucoside, viz. that of glucotropacoiin,  Has
noteworthy achievement provides an important  argument for the
eorrectness of (1H).

‘The synthesis (Chart 1) proceeded from magnesium  dithiopli i
acetate (1V), obtained from benzytmagnesium chloride and cabon
disutphide, which upon tiealment with hydroxviamine yielded phoenyt-
aceto-thiohydhoxamic acid (V). Interaction of the latter with et
bromogiucose afforded S-g-D-1-(tetraacctyl-glucopvranosyd)-phccheeto.
thiohydroximic acid (VI), which could be converted inte the tetraace vl
glucotropacolate ion upoun treatment with sulphur trioxide Jn pyidone
The jon was isoluted as the potassium salt, which proved identienl with
a salt of natural origin (Table 2, p. 158), and as the tetramethylannnonian
salt (V11) which was then deacenylated to give glacotiopacolin as o salt

Koferonces, pp. 16y iu.
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of the same base (VIII); the latter was indistinguishable from a sample
prepared by ion-exchange of the potassium salt that originated from
natural sources.
5
NH,OH" 7 etubromno-
CH,CH,CSS~ 110 CgH,CH,C Bt

(1V.} Dithiophenylacetate don). NHOH

glnro;e’—

(V) Phenylaceto-thivhydroxawic acid.

S—R S—R
I SO, /
—» CH;CH,C ot CelIsCHC -
AN “aThet hS
NOH N—080,0- X+
(Vi) 88D (VIL)
([rlrancny]~ulumpymum)-l)»plwnyl:u-nu thichvdronmic acid.
H HOHLC A2
) : \l/' // S
NH, HO/ w/
S, s /-
T i ]
TN GO —CH
Ho_ /. on ! P Cl,—C¢H,
H A
“OB00

(VU1 Glucatropacolin (ion).

Chart 1. Synthesis of Glucotropacolin,
- Petraacetyl f-D-1-glacopyranosyl, N (CHy)N.

The glucotropacolate ion (VTH) is formulated above in its suppasedly favoured
conformation, with all substituents of the pyeanase ying located in equatesfal
posttions,

5. Individual Glucosides.

In addition to the natural glucosides which have been obtained in
crystalline form, cither as the genuine compounds (Table 5, p.v57)
or as acctates (Tuble 2, p.138), & considerable number exists, whose
structures can be inferred from the chemical nature of the derived
mustard oils. Most of the parent compounds have Leen assigned noames
in accordance with the general nsage in this field, The complete series
of glncosides for which the derived fsothioevanates have so far been
chemically established appears in Table 3, p. 150, For the sake of
completeness, the glucosides fisted in Tables 1 oand 2 are vetabulated
in® Table 3, together with their aglucunes. A number of ghicostdes
with unknown or only partially clarified side-chains, such as glico-
caulorapin (138, 151} and glucomatronalin (142, 131}, have not bheen
included in the Table
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A more detailed discussion of the individual isethiocyanates (cf.
Table 3) will Lo presented on p. 141. It has become an increasingly
common practice to denote the more complex isothiocyanates by trivial
nanes derived from the corres; onding glucoside designations by oitting
the prefix gluco- (e g. arabin, iberin, berteroin, ctc.).

The natural soutces for the individual glucosides (Table 3) will be
treated on p. 154. As an outcome of paperchromatographic scanning
of an extensive collection of hotanical taxa for isothiocyanate glucosides
in the author’s laboratory and elsewhere, it can be predicted that several
additions to those listed in Table 3 wi'l be forthcoming.

f

IV. Enzymic Hydrolysis.
1. Distribution of Myrosinase.

The recognition of fsothiocyanate production as a result of enzymic
hydrolysis (&), paired with the unique chemical strocture of the substrutes
and the multiplicity of the yeaction products, has stimulated carly interest
in yrosin, particulaily its anatomical localisation and its distribntion
in the vegetable kingdom. The practical interest, associated with the
manufacture of table mustard, should not be overlooked in this connexion.

Ja contrast to the glicosides, which are distributed diffusely througrbout
the parenchymal tissues, the enzyvnie is accumulated in particalar celis
(idioblasis), as was first demonstrated for Cracifers by GuisNant {g).
The same author later showed @ similar occurrence of myrosin in specics
of the families Coppunridaceae, Resedaccae, Tropacolaceae and Limnaitha-
ccac (¢5). 1t appears thut myrosin-contaning crlls are present inall
tissues of isothiocvanate glucoside-producing plants and can be hinto
chemically distinguished by staining with Millon’s reagent, jodine, or
ovcing! in hydrochloric acid (2.43). Prene (100) cmployed a sinigrin
suhition, saturated with hariwm chloride, to locate myrosin whereby a
preapitate of barium sulphate formed inside the chzyme-contaming
cells.  In accordance with the distribution of substrate and enzvme
within the plant, no hydrolytic fission takes place until the tissues are
disintegrated and the reactants brought into contact.

In an «uly, important contribution by LEPaGe {yo) it was
deraonstrated that a farge vaviety of Crucifer seods contained NIvTOEn
Sinee then, numerons refarences have appearcd e the Hterature to
mvrosin-containing specics, and a list of these has been published by
SenMALEUss and MELLER (277). There are goud reasons for helieving
that the prescuce of myrosin in plant species is usuadly connected with
the plucoside content.  However, the same cnzyme svstem seems o0
be operative in the hvdrolyais of all ghicosides of this type.

Feferences, pp. stg- 10
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2. Properties of Myrosinase.

A more detailed study of myrosin was initiated in 1926 DY NEUBERG
and WAGNER (r04) as part of a broader investigation of sulphatuses.
They adopted the term “mytesinase’ instead of “myrosin’’, coined in
analogy with “sulphatase”. Directions were also presented for the
preparation, from white mustard seeds, of a ‘cell-free, active cnzyme
“colution, which has been employed in most subsequent work.,  An
alternative proccdme for the preparation of myrosinase, in form of a
dry powder, was deseribed by BRARCKE (7).

Surprisingly ¢noughy, few systematic studies have as vet been reported
on the purification of inyrosinase; and most authors have been coneerned
with tate studies of the enzvmic fission. NEURERG and WAGNER (Fof)
clearly demonstrated that myrosinase is distinetly” different from !l
known plant and animal sulphatases and possesses a high degree of
specificity that is Jimited to the natural ghicosides disenssed. The exirtonee
in myrosinase of two entities, one liberating glicose in a fast reaction
and another acting as a slow sulphatase, was suggested by vox Lrikr
and Eriksox (23). This interpretation was strengthened by SANDRFRG
and HorLy (175), yet with the modification that both components seomed
to start their action simultanconsiy. Wheiets o guantitative yield o
sulphuric acid was obtained, the yiclds of glucose never exceeded O6Y,
of the theoretically possible valne.  STAHMANN et al (np) tave
demaenstrated that myrosinase at («‘pl/ilibrimn had produced about Soby
of the possible amount of allyl 7sothiocvanate.

In contrast o these investigations, NAGASHIA and UcmivaMa (1o34)
have recently provided good experimental evidence o support the
conception of myrosinase as a single enzyme that hydrolvses the thio-
glucosidic hnhage. The subsequent intramolecular redrrangement 1§
vistnalized as i spontancous, non-enzymic reaction. The same authors
Lave observed  inhibition  of  myrtosinase by SH-inhibitors and &«
remarkable activation by ascorbic acid.

Several investigitors have tested the stability of myrosinase by varving
pH and temperature icf. e. g (153, ro3a)]. It appears that myrosinase
has a pH optimum at 0.5-7.5 and a temperature optimuim between 30°
and 40°.

It is obvious that detailed studies of the cnzyme and its action, n
the light of our recent knowledge concerning the chemical constitution
of the substrates, are greatly needed. The diversity of the products
suggests  that enzymic and NoR-CRZymic  conversions may  proc ced
concomitantly and at various rates, Gepending on the conditions,
Moreover, the participation of unknown co-factors or inhibitors in the
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enzymic hydrolysis is suggested by the recent finding of thiocyanates
as uvitimate reaction products in certain plants (39, 40).

It is noteworthy that REEsrk et al. (r12), as a result of screening
300 microorganisms, have recently reported the discovery of three fungi
of the Aspergillus versicolor group that produce a specific thioglucosidase,
for which the term sinigrinase was introduced (not to be confused with
the same name used earlier for myrosinase). In onc of these fungi, an
Aspereillus sydowi strain, it was shown that sinigrinase represents a
constitutive enzyme. Though distinctly different from myrosinase,
the fungus enzyme acts on sinigrin to yield the same products as
myrosinase.  Sinigrinase effects virtually complete glucosce formation
from sinigrin but attacks phenyl-f-D-thioglucoside  as little as does
myrosinase. The relative activities of the two enzymes on various
isothiocyanate glucosides are different and so are the respective stabilities
and inhibition patterns.

It is of interest in this connexion that GoobMaN ct al. (414) have
recently demonstrated the ability of myrosinase to hydrolyze a series
of synthetic fi-1)-thioglucopyranosides which contain thiol-snbstituted
purines, pyriniidines, pyridazines or aromatic rings as aglycones. In
this respect, myrosinase resembles a remarhable new enzyme detected
Ty the same authors as a constituent of mammalian tissues of every
living species investigated. The natural substrates for the latter enzyme
arc still obscure,

Evidently, several unanswered problems wonld be clarified by a more
detailed knowledge of myrosinase and its mode of action.

V. Naturally Derived isoThiocyanates.

1. General Properties,

We have relerred repeatedly to dsothiocy.anates which result {rom
enzymic hydrolvsis of naturally occwrring ghreosides. The formulae of
the thirty known mustard oils of natural detivation with clarified
structures are Jisted in Table 3, p. 159, In the present Chapter
individual isothiccvanates will be discussed.

The ability to liberate pungent principles upon disintegration 14 a
conspicuous property of some plants which have been used extensively
as potherbs, condiments o1 remedies.  Evidently, the preduction of
isothiocyanate will often be the first indication of the presence of  the
corresponding glucoside.  Accordingly, much pertinent informution fes
originated from studics of enzvmically produced mustard oils,

Notwithstanding the carly recognition of such pon-volatile fsethio
cyanates as cheirolin, erysolin and p-hydroaybheneyl mustard oil, there

Reforences, Mp. 16y--17%.



Mustard Oils and Their Puent Glacosides,

139

has been a general tendency to consider the natural gsothiocyanates as
“pggential  otls’’, 1. c. stean-volatile compounds. This should be
discontinued, however, because about half of all known natural mustard
oils are not steam-distillable (cf. Table 3). Most of them are liquids,
and it is a common practice to characterize them by their thiourea
derivatives obtained by means of ammonia or amines.

The spectioscopic properties of fsothiveyanates, both in the vhra-
violet and infrared regions, have recently been thoroughly studied (r.47).

When applied to the tongue, all mustard oils canse a sharp and
burning sensation.  Their odours, though mostly  punient, display
characteristic individual differences which often are helpfulin the detection
and classification of mustard oils. Certain isethincyanates, that undeige
rapid mtramolecular cyclization, give rise to a transient biting taste,
followed by a sensation of bitterness. Like most synthetic mustard ols,
those of natural origin show vesicant and frequently also Tachrymatory
propertices.

2. Detection, Isolation, Separation, and Determination.
a  Chromatographic Methods.

Besides taste and smell, various cherical assays have been employed
to detect fsothiocyanates in plant materials (743). While wnost satiion
procedures were limited to the detection of steam-volatile mustard G,
paper chromatography has provided a more general and efficient analviical
tool. 1t is also uscful for the tentative identification of individual s
thioeyanates,  In the author’s laboratory, a method was developed
several vears ago for the separation of thionreas Ly cliromatograsbe
on paper (93). Transformation of natural isotlnocyanates inte hicine
derivatives, followed by paper chromatography (72), has been fond
very nseful in the detection, isolation and identilication of iy new
natural mustard oils. Originally, the chiromatographic nethod !
teen developed for steamevolatile mustard oils (72), but it has sinee
been extended to the study of non-volatile representatives.

Water-siturated chloroforn hae proved to be partcularly wseful for paper
chromatograplhy of thioureis gl but other solvent systems also buve been
empioved, such as cithy]l acetate Dwater and 2 butanoue  water (56), pyrdine . amy
aleohol s water and heptane t ooty formic acid - r-butanol (73, &35); » butaral:
cethanol ;: water {74, 75), formanide: chlorofonm (65). and aromate hvdrocarbons
Swater, eventwdly with verying additions Of ethunol, acetone or ethvi ovetale (g
Grote's reagent, o modified nitroprasside reagan has been extenstody ue o for
spraying, whereby the thinuteas eppear as bhite spots (93).  Ammonia ab silver
solutions are also useful (r2, 131 tor locatng thiourea ¥pots on payet. When not
too velatile, the sothiocyanates themselves can be chromatograph 4, with silver



Lilrate as a suitable spray reagent (76, 109}). A Roumanian research group has
1eported on paper chrumatography of various arpmaiic isothiocyanates, after
conversion of the latter into thiosemicarbazides by means of 2,4-dinitrophenyl-
hydrazine (27). Alternatively, the same authors chromatographed simple thioureas
in form of their yellow bismuth acetate complexes (28).

The powerful new tool of gas chromatography is a promising
supplement to the paperchromatographic techuique for the scparation
and identification of mustard oils (8%).

b. Isolalion.

The procedures selected for the isolation of isothiocyanates from
enzymic hydrolysates depend, of course, on the chemical character.
Provided the mustard oils are sufficiently stable and volatile, stewn- -
distillation still affords a convenient method. Furthermore, steam-
volatility of one or more components in o complex mixture of isothio-
cyanates may help in identilying individual constituents. Trom 1he
arjueous distillates the substance can be isolated either by extraction,
or by conversion directly into a thiourea dervative (references in Table 3,
P Ts0). When extraction s required, certain solvents, snch as ether,
do not interfere with the enzymic reaction and can be emploved for
contiruous removal of the mustard oils during hydrolysis (gg), other
solvents, e g. chloroform, may damage the enzvime system.

. Neparalion.

As mentioned, most gh\cmid(‘—mnminin:_'_ plant materials afford o
mixture of isothiocyanates upon cnzymic indrolysis, This paises tae
important  problem  of separating the individual constituents on i
prepanitive scale in ovder to secure suffichent material (o siructural
studies.  Occasionally, the material  aviilable will adlow fractional
distillation in vacuo of the mustard oil mixtare (20, Sy, 716), bt often-
Limes thiourea derivatives will have to be prepared. Distribntion honween
partlv miscible solvents  has been  stuecessfully apphied v tie
cviaates (119, 120) and thinureas (67, 71, &5, 103h A similar methon,
followed by column chromatography on aluming, has proved vclud
also for the separation of free musterd oils (199). by many instance.,
Lhowever, the solubility properties of the individual thiowea deriratives
are sufficiently different to permit fractional coy stallization e, g (9o, 7120

No systematic studies have yet heen wedettaken to develop geacral
methods for the separation on a preparative seale of fsotlineyanates or
their derivatives. Al workers active in the fickd wonkd wole e progress
along these lines.
Refsrerices, Dp. 10y 176,
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d. Quantitative Determination.

A detailed discussion of the quantitative analysis of mustard oils
falls cutside the scope of the present paper. Special interest is attached
to this problem in pharnacy and food industry, and an extensive pertinent
literature exists (3, 245). Evidently, the inethods must be based on a
preceding liberation of the isothiocyanates from the glucosides aul
hence depend op the character and amount of accompanying by-produects
or contaminants. The frequent occurrence of isothiocyanate mixtures
in plants has often becn disregarded.

Within the last decade, spectrophotometric assays have Tnen
increasingly used. In the author's laboratory, a method, taking advantage
of the intense band shown by thioureas at ~ 240 mp, has given very
satisfactory results (72).

The determination in plant extracts and milk samples of that particulu
group of mustard oils which undergo eyclization to biologically poterit
2 oxazolidinethiones tepresents a problem of particular intevest. T e
methods used for this purpose are based on the spectrophotomet=ic
evaluation of the heterocyclie ring {4 97, I54).

3. Chemical Structure.

The following discussivii includes a hiief outline of the vvideree on
which the chemical structures ave based, and also some telrenees L
the most important botanical sources. .\ more complete survey ot the
plants investigated appears in Table 5. p. 161, Quly mastard ods of
well-authenticated chemical structures, as listed in Tabie 3. will I
considered,

a. Saturated Alkyl isolhiocyanales.

Methyl /sothiocyanate. This simple mustard oil, CH.NUS, has pot
been definitely identified in any species of the Cruciferae hut appeda:
to be widely distributed in form of the ghucoside glucocapparin throughout
the Capparidaccac (74. 78). For the purpose of identification it wa<
transformed into -methyvithiowea (84).

Ethy! isothiocyanate. Sceds of the North-American erucifor Leprdia
Menziesit DC. represent, thus far, the sole recorded source of this sunpl:
compound  derived from the hypothetical  glucoside “elucolepiditn ™,
Conversion into 1-ethylthivurea has proved its structure {56).

isuPropyl isvthiocyanate. The first recorded source of this mustand
oil was the Tudian plant Puiranjiia Roy hare ! WALL, (JT0) - remarkabie
finding since this compound is the sole well-authenticated mustard ol

ound in Euphorbiaccac. The same isothiocvanate, deriving trom the
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parent glicoside glucoputranjivin, was isolated from seeds of the crucifer
Lunaria bicnnis MNch. (69). It is rather widely distributed in Cricijerae.
ocomring ¢ g. in species of Cochlearia, Lunaria and Sisvimbriti.
Furthermore, the species  Tropacolum  peregrinum  ( Tropaeolacear)
afforded isopropyl mustard oil upon enzymic hydrolysis. The structural
evidence is based on the conversion into I-isopropylthiourea (69).

(+)-2-Butyl isothiocyanate (IX) represents one of the “classical”
mustard oils, recognized by HorMaxs (50) in 1870, as part of disullates
of Cochlearia officinalis L.; it was further studied by GADAMER (33).
More recent investigations have established its occurrence in form of
the glucoside  glucocochicarin, in  species of the cruciferous genera,
Cardamine, Cochlearia, Draba, Lunaria, Sisvmbrinm, etc. {cf. Table 3,
p. 161). Other families, such as Euphorbiaccac Phytolaccaccar  and
Tropacoluceae, also include spreics which afford, on enzymic fission,
(-] )-z-butyl isothiocyanate. The Tlatter is frequently accompanied by
varying amounts of dsopropyl isothiocyanate, possibly indicating «
common biogenctic pathway of the two coinpounds.

By chemical correlation, the dextrorotatory, natural 2-butvl Jfsu-
thincyanate has been shown to possess the absolute configuration (IN) (86)
which is identical with that prevailing around the f-carbon atom of
natural fsoleuchine (X).

COOQH
NCS
HN- - H
H,C H
, H,C - H
C,H
e C,H;
(N} {4 )2 Butyl nothiocvanate. {X.} L-Iseleucine.

Methyl 4-iSuthiocyanatobutyrate (Erypestrin). The detection in the
seeds of Ervsinuom rupestre DC. {and other specics of the same genns)
of an alkali-labile glucoside, glicocrypestrin, was followed by a study of
the corresponding mvstard oil, erypestrin, in the author’s laboratory 128).
On treatment with ammonia, aniline and 1-naphthylamine, the osothio-
cyanate afforded crystalline thiourecas that were indistinguishable fram
those  prepared  from  synthetic methyl J-rsothiocvanatobutvrate,
CHLO0CCH,CH,CHNCS. No other sonrees than Lrvsimiom spp. have
baen reported thus far for glicoerypestrin which s¢ems to be invariably
accompauied by glucocheirolin,

b, Unsatwrated Alkyl isoThiocyanates.

Ayl isothiocyanate. This is the volatile mustard il par excellence,
Cil, = CHUCH,NCS, formed by anzymic fission of sinigrin. Seeds of black

Referomces, gp 18 -a74
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mustard (Brassica iigra. ROCH) scrve as the traditional source for this
jsothiocyinate but other materials, such as horse-radish root (1.46), may
serve equuilly well.

Numerous references exist to the production of allyl mustard oil upon
disintegration of various botanical species, but the older literature should be
accepted with reservation because of meagre documentation in many instances.
A list of well-established and of doubtful sinigrin sources is available (58). Attention
should be drawn to thue recently observed enzymic production in Thiaspi arvense L.
seeds of allyl thiocyanate rather than the mustard oil (40).

3-Butenyl isothiocyanate. A rather contradictory literature cxists
on the occurrence in vape seeds (Brassica napus 1..) of a glucoside,
ghuconapin, that affords on cnzymic cleavage an unsaturated Cy-rso-
thiocyanate. The identity of the latter as 3-butenyl gsothiocvanate,
CH,= CHCHL,CHNCS, was established by synthesis independently by
ErtiincEr and Honokiss (20), and Kjar ot al. (71). Some additional
sources exist for this mustard oil, e. g. Alyssum, Brassica, Cardamine
and Isatis spp. (cf. Table 5, p. 161).

4-Pentenyl  isothiocyanate. This  higher  homologue, CH,-

CHCHLCHLCH,NCS, has been identified as a minor constituent ol
e volatile tmstand ol traction of rape seed, originating, by enzyvmic
hvdrolysis, from the ghicoside, glucobrassicanapin (89). The structure
i based on infrived evidence and on the desulphuration of  the
1-naphthylthiourea derivative {X1) to the urea derivative (X1}, which
wpon catalytic hydiogenation afforded the satnrated wrea (NHD, wenticnl
with o sample svathesized  from n-pentylamine and 1-naphthyl iso-
cvanate.

CH, - CH~CHy--CHy—CHp—NHCOSNH—C My

(XL lA;NU,

CH,y=: CH- -C”z——»-CH,—-»(?”Q-»—NH('( INH -~ C o},
{\11) l”f‘!)l

CH,—Cll, - (.‘l‘l,--—CH.——-(‘.li:-w-\’]l(‘(‘)f\'}{-—*(,imﬂ,

IXIIL) Pentyl-{r-naphthyd)-urea.

.
CH,— Clly - CHy—CH,~CHy =NH, .- €, H;NCO

Synthesis of 4-pentenyl isothiocyanate confiimed the identity of the
mustard oil mentioned (89). In addition to Brassica spp., the 4-pentenyd
compound seems to occur i members of Alyssim and possibly oiher
Crucifers as well, A
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¢. -MethylthioalkvlisoT kioc vanales and Related Sulphoxides and Sulphones.

Under this heading an interesting group of natural products will
be discussed, having in common the skeleton, CH,S(CH,),NCS, in which
a double bond may be prescat in the alkyl chain and the sulphide atom
may Carry oxXygen. Mustard oils of this type occur abundantly in Crucifers,
and there is much interest in the problem of their biogenesis. The

_ discovery within the last decade of ten new individual isothiocyanates
of this general structurc was preceded by the structural elucidation
of cheirotin, CH380,(CH,),NCS (123), and erysolin, CHySO,(CH,),NCS
(126), by SCHNEIDER ct al. fifty years ago.

3-Methylthiopropyl isothiocyanate (Ibervirin}. Seeds of the Crucifer
Iheris sempervirens L. were shown in this laboratory to afford two steam-
volatile isethiocyanates subsequent 1o enzymic. hydrolysis.  The
corresponding  thiourca mixture was subjected  to countercurrent”
distribution, resulting in the scparation of two pure fractions (§3). One
of these proved to be 1-(3-methylthiopropyl)-thiourea upon comparison
with a synthetic specimen, whereas the other, minor constituent was
the homologous 1-(4nn‘thylthiobm_vl)-thi(mrm. This result indicates
the enzymic production  of 3-micthylthiopropyl  dsethiocyanate,
CH,SCILCHLCHNCS, (ibevvirin)  from a  parent glucoside,  nanied
glucoibervivin. The botanical distribution of the latter is still unknown
but appears to be rather Limited. Gluceibervirin is present in green paits
of Cheiranthus cheirt L. {wallflower) and n Iberis amara L. roots
(unpublishied).

3-Methylsulphinylpropyl isothiocyanate (Iberin). The foregoing mustaid
oil is closely related to rherin, derivable from the ghicoside plicorherii,
which was isolated by Sonurtz and GMELIN (136) in crvstalhne fors
from the seeds of Therls amara I.. Thev presented evidence, Liter confiraed
in the writer's laboratory (75), for the corresponding, optically active
fsothiocvanate  to possess the  structure  CHGSOCH,)NCS. The
sulphoxide group 15 very probably formed by i vivo oxidation of gloco-
ihervirin,  Among possible botanical sources of glncoiberin, the green
parls of certain cabbage species deserve special interest. Thus, Prociizea
et al. (1og) found ibeiin in the press juice of Brussels sprouts, for exampie.

3-Methylsulphonylpropyl isothiocyanate (Cheirolin). A stll agher
oxidation evel than in iberin s prosent in the well-known mustand ol
of wallflower sceds (Cheirenthus chieort 1), tor which SENNRIDER (r2n
proved  the  structure CHLSOLCH CILOH NS, derivable from tie
glucoside glicocheivolin,  The Iatter has been encountered in seveial
species of the crucifcrous genera Cheirantias, Ervsinaon and Meleolmia.
It is most likely related biogunetically to the st ructurally similar musterd

Refersnces, pp. 157 -1 76,
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oils ihervirin and iberin (see above). Recently, BacHELARD ct al. (4u)
have isolated cheirelin from enzymically hydrolyzed extracts of fruits
{r.2 g per kg. dry weight) and fresh leaves (0.4 g per kg. wet weight)
of the common wecd. Rapistrunt yugostm (L) AL, A convenicent
synthesis of cheirolin has been developed in the author’s laboratory (9.).

4-Methylthiobutyl isothiocyanate (Erucin). This sulphide mustard
oil, CH,SCH,CH,CH,CH,NCs, was first found in enzymically hydrolyzed
glucoside extracts of Eraca sativa ML, and its structure was established
by comparison with svithetic preparations (73). The parent gincoside,
glucoerucin, scems 10 be rather widespicad throughout the Crucifer
family. Thus, crucin was isolated hy DELAVEAU {17) from Diplotaiis
tennifolia (L.) DC.roots and, as pointed out above, in this laboratory
from Iheris sempervirens L. (85). Furthermore, theve is strong paper-
chromatographic cvidence for the presence of glucoerucin in cortiin
specivs of the genera RBrassica. Cheivanthus, Farsetia, Hesperis, ey,
Matthiola and Vestearia (73).

4-Methylsulphinylbutyl isothiocyanate (Sulphoraphane). It wits fonad
only recently  that ihis next higher homologue, CH,SO(CH,) NS, ot
iberin, synthesized by SCHMID and IS ARREK (721) more than ten years
ago, s a natural product. In the author's laboratory a rather wirle-
spread ocearrence of sulphoraphanc has been noted (66), €. g in species
of Lrasstca, Eruca and Lberis, PROCHAZRA (108) was able to jsolate partially
racenrized sulphoraphane from the leaves of Lepidium diaba 1. According
to the same author, sutphoraphanc, together with ibetin, is also prosont
in the fresh juice of eertain cabbage varieties (10g). No name has yel
been suggested for the parent ghicoxide, but glicoraphanin wonld be
a logical term,

4«1\’Iethylsulphinyl-3—butenyl isothiocyanate (Sulphoraphene). SrHMHD
and KARRER (17g) concluded i 1948 that  radish seeds (Naphetits
safivus L) produce, upon enzyimic hydrolysis, the strongly levorotatory
mustard oil, sulphoraphene, CH,SOCH - CHCH,CHLNCS, accamp icd
by the corresponding nitrile (r20). It seems, that sulphoraphene i3 the
first natural product whose optical activity is due solely to the presener
of asynunetric sulphur, Guenis (38 has introduced the desigaazion
glucora phenin for the parent glucoside, which probabivis alsaa constituent
of Matthiola bicornis DC.sceds (738). Thetecent finding by PrOCHAZKA JO7)
of sulphoraphene in the press juice ol Pluntago major L. is remarkad de,
since it is the first recorded case of the presence of o mustard il in
Planlaginacea.

“

4-Methylsulphonylbutyl isothiocyanate  (Erysolin), This  higher
homologue, CHLS0,CH ) NCS, of cheirofin was reported by SCHNETDER

Fortschtitte d. Chemn. org. Naturst. XViELL ™"



146 A. Kjzx:

aml KAUFMANN (126) as a constituent of enzymically hydrolyzed secd
extracts of Erysinumm  Perofskianum Fiscn. et Mav. Although this
mustard oil, conceivably arising from the glucoside glucoervsolin, fits
well into the present series, it has not been possible in the author's
Jabotatory or elsewhere to prove its presence in the sceds mentioned
or in any other species investigated. Henee, its occurrence may be
dependent on special conditions of growth. A practical synthesis of
erysolin was reported by Kjar and Coxtr (70).

5-Methylthiopentyl isothiocyanate (Berteroin). It was shown in the
author's laboratory, that sceds of the cruciferons  weed  Berteroa
incana (L) DC. furnish enzymically a volatile mustard oil, berteroin,
whose 5-methylthiopentyl fsothioeyanate stiucture, CHLS(CHL)NCs, was
established by comparison with suitable thiourea derivatives and by
synthesis (91). The progenitor, ‘glucoberteroin, was shown to be present
also in seeds of Lunaria rediviva 1., as well as in several Alysstm species,
Usually, the glucoside is accompanied by varving amounts of the
corresponding sulphoxide (see Delow).

5-Methylsulphinylpentyl isuthiocyanate (Alyssin). This sulphoxide
mustard oil was first isolated in the author’s liboratory from weeds of
Alyssiomn argentetm 1IN, following enzymic hydrolysis. s structuie,
CH,SO(CH)NCS, was established by transformation of the corresponding
benzylthiourea derivative (XIV) into the benzvihurea compovnd (NV).
The optical activity of the latter disappeared on reduction withe 71 and
acid which yiclded the sulphide-urea (NVD); this indicates the ongmal
sulphoxide-grouping  as  the sole centre of asvmmettyin abussi
Compound (NVI) was proved to be 1-{5-metiythiopentyd) benavlures
Ly comparison with an authentic sanple, produced by Jesulphussation
of the corresponding thiourea (XV11); the latter had heen prepaved T
bevieroin (XVIHI) and benzylamine (75).

Awt
CH,SO(C1,),NHC SNHCH,CH; - Y CHLS0 H), NHCONRCH U R,
(XIV ) XV
it
CH S(CHY , NHCONUCILC 0L, M

< .
Ag*

{NVL) 3-(s-Methylthiopenty I o forc
CH.S(C“,),N(‘S -3+ CH, CHiNH, —» CHS(CTLagN HCSNHCH,C H,
(XVIIE) Borterom, (XVIL)

The progenitor, glicealyssin, was encountered in several lovssion
and BRerferoa spp. (73) and ay well be refated biogenetically 1o glieo
berteroin, Scrrrtz and WAGNER (140) irolated plucoalyssin, m form

Keferemces, pp. 16g-~ 150,
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of the crystalline tetraacetate, from seeds of an Alyssum species and
proposed (though on meagye evidencee) the above alyssin structure.

8-Methylsulphinyloctyl isothiocyanate (Hirsutin). The class of naturally
derived sulphoxide rsothiocyanates was extended when it was observed
in this laboratory that enzymic hydrolysis of sced extracts of the crucifer
Arabis hirsuta (L.) Scoe. afforded hirsutin, for which the structure
CH,SO(CH,)NCS was established upon degradation of the corresponding
phenylthiourea derivative to I-(S-ln(',thylthiooct_\'l)~3»phenylurea {60) by
a procedure similar to that outlined for alyssin. The glucoside, gluco-
hirsutin, was not further - characterized and its natural distribution is
still unknown.

9-Methylsulphinylnonyl isothiocyanate (Arabin). This next-higher
homologue of hirsutin was encountered as the enzymic hydrolysis product
of glucoarabin, present in seeds of the common crucifer Arabis alpina 1.
The arabin structure, CH,SO(CH,) NCS, was suggested on the Dasis of
customary degradation methods (77), and was later unequivocally proved
by partial synthesis (65). Although presumably present in several Arobis
species, the exiact disttibution of glucoarabin remains to be clarificd.

10-Methylsulphinyldecyl /sothiocyanate (Camelinin).  Tlns higlhiest
known member of the sulphoxide mustard oil serics appeirs in enzyici by
cleaved sced extracts from Cancling sativa (L) CrANTZ that contain
glucocamelinin. 1t structure, CHLSO(CH ) o O, was established m the
author’s laboratory (83) by a conventional seheme of degradation. The
parent glucoside 15 present also ju other Camelina species (83), Tut
otherwise its occurrence in the vegetible kingdom is unknown

Stercochcmistry.

The homologous. series of optically active m-methylsulphinylatkyl

isothiocyanates of natural extraction, CHySOCH ), NUS (n = 3. 4. 5,
8§, g und 10), discussed above, raises the question as to the relative and
absolute steric configurations.  Convineing evidenee is on hand that
all members of thi- series possess the same oteric configuration aiouiid
the asymmetric sulphoxide grouping. Thus, anexteisive series of wnalogons
derivatives, listed in Table 4, p. 160, shows companable rotations, with
regard to sign as well as magnitude.  Furthermore, rotatory dispersion
studies of a selected number of these derivatives over a rather broad
wavelength region (90) Jend even stronger support o our assumpliedn.

Absolute configurations, however, have not yet been established.
The problem requires the stereochemical correlation of any representative
of the mustard oil series with {#)-S-methyl-/ cysteine S-oxide, the

10*
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sole sulphoxide of sccured absolute configuration. The latter was
established by Hine and RoGERs (48) by X-ray analysis.

d. Aromatic isoT hiocyanates.

Benzyl i{sothiocyanate. This structurally simple, aromatic mustard
oil, C¢H,CH,NCS, was first recognized by GADAMER in 1899 as an
enzymic hydrolysis product of glucotropacolin, present in sceds and
fresh parts of Tropacolum majus L. (34) and in Lepidium sativum L.
seeds (35). Since then, several other sources of benzyl mustard oil have
been found, c. g. Coronopus didymus {L.) SM. (ror) and Lepiditm spp.
Even more interesting is the {requent appearance of benzyl fsothiocyanate
in species belonging 1o other families than Crucijerae. Thus, it has been
encountered in Caricaceae, Moringuceae, Salvadoraceae, Tropaeolaccae
and, possibly, Phaytolaccaceae (cf. Table 6, p. 167). There is, furthermore,
some support for its occurrence in Jatropha multifida L. (Luphorbia-
ceac) (29).

1t is noteworthy that benzyl eyanide has been observed repeatedly
as a product formed during fission of the parent glucoside (6, 10).
Accordmgly, Scuvrrz and GMELIN {1.55) suggested a possible relationship
between glucotropacolin and an unknown growth factor of Lepidium
sativion L. which may plausibly be phenylacetie acid,  formed by
hydrolysis of benzyl eyanide. An alternative enzymic cleavage of gheeo-
tropacolin in the seeds of 1. ruderale 1.and 1 satroan 1., viz, to beazye
thiocyanate, was recently reported {70}, Further breakdown of the Lette
may be responsible lor the benzyvl mercaptan production observed by
Forss (28a) in macerates of the crucifer Ceronopus drdymus.  Uneker
different circumistances the saue plant afforded mixtures of honeyl
cyanide and benzyl isothiocyanate (284, 101).

p-Hydroxybenzyl isothiocyanate. Tl non-volatile  mustard il
formed during enzymic hydrolysis of the “classical”” ghicoside sinalba
was studied by SaLRKOWsKL (114} who suggested  its structave,
(PHOCH CHNCS, His conclusion was confinned in the anthor's
laboratory by comparing the phenylthiowen detivative with an authentic -
sampte of l~»(4-hj\'dm.\ylwnfy!)-J-l)lwnj;hhmun-:n. The labile characto
of the initially formed mustard ol calls for special precautions during
isolation (g4). Thus, Wi and LAvsENuEeK (156) have demonst cated
the facile formation of Unocyanate npon treatment of the mustard ol
with Lot ammonia or alkali. Though abundantly present in white mstard
sceds (Sinapis alba L.), sinalbin dees not appear to be a glucoside of
very wide distribution. There is good evidence for the presence ol the
glucosidic anion of sinalbin also in sceds of Sinapis arvensis L., Lepiditin

Keferonces, pp. 16y--i76.
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campestre (L) R. Br. and in some specics of the genera Aubrictia,
Brassica and Bunias,

p-Methoxybenzy! isothiocyanate (Aubrietin). In view of the common
occurrence of O-methylated phenolic compounds in plants, it was not
unexpected to find p-methoxybenzyl mustard oil, CHLOCH CHNCS,
as an cnzymic fission product of glucoanbrictin, in fresh parts and seeds
of various Awubrietia spp. (Cruciferac). Its structure was sccured by
comparison of thiourea derivatives with authentic samples (81). Thus
far, Aubrietia spp. represent the sole botanical source of aubrietin, easily
recognizable by its taste which, besides being pungent, is reminiscent
of ams. '

m-Methoxybenzy! isothiocyanate (Limnanthin). More surprising was
the finding by ErTiincer and Lusprex (22) of m-methoxybenzyl
mustard oil, CH;OC,H,CH,NCS, as an enzymic product of an unnamed
glucoside in the seeds of the North-American plant Linnanthes donglasit
R. Bk., belonging to the small family of Limnanthaceae. No other sonrces
have yet been recorded. The structural proof was provided by synthesis,
As pointed out by the American authors, the limnanthin structure
deserves special interest considering the rare occurrence of m-disubstituted
aromatic compounds in nature,

z-Phenylethyl /sothiocyanate. This  pext  higher  homologne,
CH CHLCHLNCS, of benzyl mustind oil, liberated from: glhiconastrtiin,
was first encountered by Gapamer (35) in fresh parts of the Crucifers
Nasiwrlivoe officivale R Broand Barliarea praccov 0 BR., bat hivs sinee
been recognized as o mustard oil of extensive distribution. In fact,
there is strong evideace that it is the predominant volatile isothioevanate
in root tissues of several Brassica species, such as turnip, bluck and white
mustard, as well as cabbage (£44). Horse-radish also has a high content
of this aromatic ssothiocyanate (1.74). ANDRE and Delaveau (2) found
it 1o be a minor constituent of the volatile mustard oil fraction of rape
seed cake. Outside the family Cructferac, 2-phenylethyl rsothiocyanate

has been observed in root tissues of vavious Resedaceae (3).

3-Benzoyloxypropyl isothiocyanatc (Malcolmiin). A rather mexpected
aromatic mustard oil was discovered in the author’s Jaboratory when
studying sced extracts of the Crucifer Malcoliiia maritima (1) R. Px.
Upon enzymic cleavaye of ghcomalcolmiin, a mustard oil with ubsorption
characteristics indicative of aromatic character was obtained. Hs thinurea
derivative, CyyH;,0,N,8. yielded (in alkali) benzoic acid in accordance
with the infrared cvidence of an ester hnkage. The alcoholic cmity
of the latter was established as 3-hydroxvpropyl  fsetbiocyanate,
HOCH ,CH,CIINCS, 1y its spontanveous evehzation o a heteroeyche
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compound, which was identified with synthetic tetrahydro-1,3-oxazine-
2-thione (76). Subscquently, the malcolmiin structure was confirmed
bv synthesis (90},

Since the genus Malcolmia is taxonomically closely related {o
Cheiranthus, the traditional botanical source of cheirolin, it is not surprising
to find the latter accompanying malcolmiin in seed hydrolysates of
M. maritima (76, 9o). The further distribution of glucomalcolmiin is
unknown., '

| e. Hvdroxv-substituted isoThiocyanates.

There exist some natural ‘sothiocyanate glucosides whose aliphatic
side-chains are substituted by a f-hydroxy group. The corresponding
fsothiocyanates undergo a presumably spontancous, intramolecular
cyclization to 2-oxazolidinethiones, which are the recognizable end
products of the enzymic reaction. This conclusion has been reached as
a result of recent studies of several representatives of this type (sce
below). o

a-Hydroxyisobutyl isothiocyanate. More than twenty years ago,
HopkiNs (54) isolated from enzymically cleaved seed extracts of the
weed Conringia oricntalis 1. (Dusokt) Imore correctly designated as
C. orientalis (1.) Axpiz. and synonymous with Erysinium oricntale Mriy..)
a compound to which the structure (NIX) was attributed; it was corrceted
by ETTLINGER (28) to the isomeric form (XX) on the basis of infrared
evidence, Hopkins sngeested as the likely pathway in the formafion
of (XIX) the initinl formation of p-methallyl fsothiocyanate (NXT),
followed by hydration of the double bond and cyclization.  That this
reaction sequence cannot be responsible for the production of {XN)
hecame apparent, however, when a synthetic specinien of (XX1), stadiced
i the authot’s laboratory, displayed no tendency Lo evelize (93).

HyCor - N TG {1 HyC--m N H,C-- - N
B¢ | : ,C | | M | H,C_ ! !
AN : AN AN . N\
c_ C-sH C C=:8 C C=S c C.-5
SN/ NS & s
14,C o 1H,C o H,C H,C OH
(XIX ) (XX} (XX1) (XX

A-Methaltyl fsothiocvanate. 2-Hydroxyisolnity )
isothiocyanate.

More recently, the parent glucoside, elucoconringiin, was isolated as
a crystalline acetate from seeds of C. orientalis by Kjar et al. (82, who
demonstrated spectroscopically  that 2-hiydroxyrsobutyl isothiocyanite
(XXI1) is the initial product of the envymic hydrolysis and subsequently
cyclizes to give the Hopkins compound (XX). Similar conclusions vere
reached by Scucrrz and WacNer (141). Likewise, the presuce of

References, fp. 16g-—17%.
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glucoconringiin in various specics of the genus Cochlearia was proved.
and 5,5-dimethyl-2-oxazolidinethione was isolated from the seeds of
C. officinalis L. (82); its further distribution is unknown.

2-Hydroxy-3-butenyl isothiocyanate. In 1949, Astwoon et al. (y)
isolated from vellow turnip and various Brassica seeds an antithyvoid
factor, which was identificd as (-—)- 5-vinyl-2-oxazolidinethione (XXI111),
a structure later confirmed synthetically by ETTLINGER (r9). The same
investigators pointed to anfsothiocyanate glucoside as a plausible progenitor
of the heterocyclic compound (43)—-a suggestion confirmed by studies
in the author’s laboratory (82) and elsewhere (r47). These indicated onc
of the sicreoisomeric 2-hydroxy-3-butenyl fsothiocyanates (XXIV) to
be the first reaction product.

H,C-——NH T O

CH,==CH--HC

== 7,

C-=$ ¥ CHy CH--HC_ ¢S
N/ N

O Ol

(XXIH) Goitrin, (XX1V.} z-Hydroxy-3-butenyl sathivcyanate,

GREER (42) succecded in isolating from rutabaga sceds, the genuine
glucoside. progeitrin, which is identical with glucorapijerin, obtained a-
the crystalline pentaacetate from seeds of a rape variety (Scnverz and
WaGNER (14I)].

In this luboratory, thic absolute configuration of goitrin (XNILy.
and hence of the parent mustard oil (XXTV) as well as the side-chain
ol progoitrin, was vecently established. by chemical correlation with
configurationally known compounds (68): scc the formulas (XX}
and (XXVI).

/() ) CH:—=C] l‘i
P S CIHL,NCS
S:=:C, H ¢
\ I/ HO H
N 3
I CH=-CH,
£}
{NXNV Coitiin, (XNVL) CHydioov-g-butenyl iothinevanate,

Progoitrin occurs largely i Brassica spp., predominant!y in seed
materials, including rapesced oil meal (2 g, goityin per poof medl) (e
This occurience is intere-iing, heciuse progoitrin is a potential preent-o
of goitrin. In contrast to sceds, fresh cabbaze contains only very snati
amounts of goitrin (1),

2-Hydroxy-z-phenylethyl isothiocyanate. On evidenee, similar in
natnre 1o that presented for the last two hydroxy-substituted neiatard
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oils, it was cstablished in this laboratory that seed material of various
species of the cruciferous genus Barbarea afforded on enzymic hydrolysis
a hydroxy-substituted isothiocyanate, that underwent spontaneous
cyclization to a 2-oxazolidinethione. Seed extracts from B. vulgaris R. Bk.,
containing the parent glucoside gliccobarbarin inaddition to gluconasturtiin,
were cnzymically cleuved to a mixture of 2-phenylethyl mustard oil,
originating from the latter glucoside, and (--)-5-phenyl-z-oxazolidine-
thione (barbarin) (XXV11), the cyclization product of primarily formed
z-hydroxy-2-phenylethy] ninstard oil (XXV11I) (79).

H,C - ~-NH H,C-——N
. |
C H,—HC //c,:;.;s «—  CgH,—HC C==$
O OH
{XXVII) Barbarin. {(XXVIIL) 2-Hydroxy-2-phenylethyl isothiocvanate,

A slereospecific synthesis of both enantiomers of (XXVII),
starting from configurationally known compounds, has established
the absolute configurations of barbarin {XX1IX) and its mustard oil
precursor (XXX) (79, 8o).

PN CH,NCS
S < H S :
\ v H-. on
T\”—_; (‘,‘Ha : '
H C‘l lé
{XXIX) Barbarin, {XXNX.) r-Rydioay o-phenylethyel dsothiocyanate,

In addition to Barbarea spocies, leaves and inflorescenses of Keseda
futeole L. (dyer's weed, weld) yielded barbarin on enzymic treatment,
Seeds of the same plant, as well as other Reseda species, are additional
sources of harbarin (80).

2-Hydroxy-isopropyl isuthiocyanate. A fl-hvdroxy-substituted, bran-
ched, aliphatic mustard oil represcats the newest addition to the
isathiocyanates that undergo cyclization. The glucoside glucosisyimb, in
was reported from this laboratory as a constituent of seeds of he
Crucifer Sisymihrivem  ausiriaciom  Jaco. Tt was characterized by its

CH;—HC -—NH CH;— HC— ---N
o P
H,C €5 H,C C=S
o on
(XN XL Sisvmbrin, (NNXIL) > Hydroxy-isapropyl fsuthiocvenate,

Refoerences, pp i6g—1;6.
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. Ca
ability to undergoe cnzvmic decomposition to dextrorotatory 4-methyl-

z-oxazolidinethione (sisvinbrin) (XXXI1), produced by cyclization of
the initially liberated z-hydroxyv-isepropyl isothiocyanate (XXXII) (67).

A stereospecific synthesis starting from alanine of known configuration
has given full information on the absolute configuration of the ring
compound. Accordingly, the configurations (XXX111) and (XXXIV)
were established for the naturally occurring sisymbrin and its parent
mustard oil (67).

Oo_ N
Py NCS
§==( m,C "¢ S
/] H— - CH,
HN s (13 H
_ CH,OH
H '
(XXXIH) ~isvmbrn, (NNXIV) 2-Hydroay isopropyl:isothiocyanate.

In the same paper (679, the possible biogenetic relationship of (NXX1V)
and the non-hydroxviated fsopropyl mustard oil, formerly encountered
in plants, was discnesed as well as its formal similaity with f-hydroxy-
isobutyric acid of the sesquiterpenc lactone arctiopicrin, as well as with
{—-)-f-amino-isobutyric acid, isolated from bulbs of fris fingitana.

f. iso Thioevanates of Doubtjul Strudcture.

In addition to the naturally devived mustard oils of established
structure, a number of other fsethiocy anates have been reported without
sufficient doctmentation to permit conclusive formulations. The existence
ol still others is questionable, becanse their isolation could not be repeated.

Thefirst categoryinelndes the compound, CHCHLCH,CH,SCH = CHCHLOH, NGy,
which HEmUSCHKA and ZWERGAL ({7} chumed 10 be present in fresh radish root.
The same authors postulated the presence e horse-rindish of 3-phenyipropyl o
thiovyuanate.

Ouite mcompatible with the physical and chemicat properties, Zwkroat (4500
fornmiated a component from kohlrabi seeds as g g-dimethvl sovnvl z-oxazeldine
thione, a structure which was later yevised by Scmnrz and WaGNER (ig/) o
CH,SOCH = CHCHLCH,CH,NCS, appareitly agnn with 1ne other cvidence thon
its resemblance to the corresponding nitrite, CHySOCH. - CHOHL,CHLCTLON the
latter represents Zwrkeal’s original proposal (158). The parent glucoside, isolated
as a non-homogeneons G traacetate from kohdrabi sceds, was named FQUITTRES
caulorapin (14r, 151).

From the seceds of Jicsperis matronalis L., WaGNtr (r51) solated  pluco-
matronalin as a crystalline hexa- or heptaaretate, suggesting the presence of two
or three acetylable groupings in the otherwise unkunown, derivable mustard ol

An interesting observation deserving repetition was made by PUNTAMBERAR (i 10}
who claimed, in addition to isopropyl and sec-butyl isothiocvanates, the olation
of phenyl mustard oil (as its thiourca derivative) fiom secd kernels of the ludian
Euphorbia species Putranjiva Roxburghtt Wap.,
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As already pointed out the presence of numerous unidentified glucoside spots
in paper chromatograms obtained from a large collection of plant species indicates
that additional mustard oils will be fortheoming iu the future.

VI. Botanical Distribution of jsoThiocyanate Glucosides,

It is remarkable that practically all investigated plants of the nearly
cosmopolitan family Cruciferac contain one or more isothiocyanate-
producing glucosides.  Although only a minor fraction of a total of
about 1500 species, that belong to this family, has as yet been subjected
to analysis, it appears likely that most Crucifers, in some or all paits
of the plant, contain such glucusides. 'In Table 5 (p. 161) an attempt
has been made to present a rather complete survey of ali those Crucaifer
species in which either isothiocyanates or parent glucosides have been
found up to the end of 1959. The Table does not include numnerous other
plants, studied in the author's laboratory, whose analyses are unpublished.
In gencral, Table 5 contains the chemical identity of the rsothiocyanutes
or their glucosides. In some cases, however, and particularly when the
evidence was exclusively of paperchromatographic nature, it was preferabh
to list the reported number of constituents rather than chemical strvctures,
even when these were suggested in the original paper.

On the whole, the number of abserved individual sothiocyanate
glucosides is now so kuge that chemical identifications based solely on
paper chromatography are more than questionable. Furthenmore, the
number of the observed gucosides may vary considerably, dependiig,
on the sensitivity of the analytical method and the conventration of
the extracts. It was noted repeatedly in the author’s Jahoratory that
plant materials, genevally regarded as containing enly one or two glucozides,
on closer examnmation displaved a notalie number of additional trace
glucosides,

Where provided w the original text, or where no doubt seems o
exist, botanical authors’ names appear in Table 5. 1t should b stresseid
at this point that hotanical designations shionld be as unambiguous as the
proof of the chemical structire, when new chemical compounds are relted
to botanical sources. Tou illustrate: the labeling of more than badl of
300 sced specimens, collected by us from hotanical gardens and other
sources all over the world, proved to be incorrect on closer inspection.

Although preponderant in Cruciferar, issthiveyanate glacosides e
Ly no means confined to this familv. It may not surprise thid speaies
ot uther families, such as Capparidaccoe, Moringeccae and Resedacete,
which belong to the same order (Rhceadoles) as Craciferac, may
orcasionally contain the same glucosides. Quite unexpected, however,
was the isolated appearance of fsothioevanate glucosides in some species

Refevences, pl. 160 —17%.
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of piant fanilies which are taxonomically remote from Rhoecadules, such
. Cariveceae, Euphorbiaceae, Limnanthaceac, Phytolaccaccae, Plantagina-
o 3 piloraceas and Tropacolaceac. Table 6 (p. 167) presents a survey
rorted glucoside-containing species which do not belong to

i

Attempts to correlate chemical structure of plant constituents with
the Lotanical character have become more frequent during recent years,
and often rewarding. Such chemotaxonomic approaches have also been
attempted (87) in the glucoside group disenssed and will probably be
extended. Tt should not be forgotten, however, that the structure of a
selected type of compounds is only one of numerous factors that
contribute to biological individualism. Nevertheless, further comparative
studies of the distribution of mustard oil glucosides, when conducted
with duc criticism, may provide new and interesting results concerning
the chemistry of natural products as well as botanical taxonomy.

VII. Biological Properties of isoThiocyanates and Their
Parent Glucosides.

In connexion with the taxonomis and phylogenctic implications of
comparative studics of nothiocyanates and glucosidic progenitors in
individual botanical species, biogenesis is a challenging problem. No
svstematic studices have as vet been undertaken to clucidate the anabolie
or catabolic pathway of tmse compounds in plants. The conspicnens
structural regularitics, however, make such investigations most destrable,
Thus, the formal similarity of several side-chains of the glucostdes witi
those of some amino acids ocourring in proteins s striking and would
sugpest a possible common pathway in hiogenesis (23, 59). Other produets,
however, belong to a type not ordinaily encountered o nature, such
as the long-chain  methylthioatkvl derivatives.  Another interesting:
feature is  the recognition of the  glicosides  as hydvoxvlantiee
derivatives (23). Bound hydroxylamme groups have been extensived
Qiscussed i the literature in connexion with the nitrogen mietaloliseg
of higher plants. The frequent appearanee of homologous mustand ol
in extracts is another notable characteristic of potential duterest fo:
biogenetic considerations. As whole, the detailed knowledge of
extonsive” serics of formally simple gineosides with well-estabtisied
structures culls for thorough bivgenetical investigations.

From time to Gme, several biological actions have heen ascrthod
tomustard nils or theirstaple conversion products, but a detailed discusston
of this subject falls outside the scupe of the present survev, Tesuthices
(o draw attention to the long recognized antibactenial and fungiostaty
propeity of most mustard oils, on which an extensive hterature CNIstE-



156 A KAk

Recently, McKay et al. (zo2) published the results of bacteriostatic
assays of a large series of fsothiocyanates.

Much interest is being devoted to some isothiocyanates originating
from weeds, as facters responsible for a “scorched” or “burnt” flavour
of cream and butter. McDowary et al. (101), however, were unable to
confirm such suggestions in case of the land-cress taint in New Zealand
dairy products (cf. 28«).

The goitrogenic effcet of several oxazolidinethionces, pirticularly
those of plant origin, has led to a variety of biological studies to asscss
the possible importance of such compounds in animal feeding and in
endemic goiter. In connexion with such problems, BACHELARD et al. (ga)
have recently isolated cheirolin from ripe fruits and fresh leaves of
Rapistrim rugosum (L) ALL., a widely distributed weed in Australian
‘pastures, and showed that cheirolin is goitrogenic in rats. Rumen liquor
effected in vitro conversion of cheirolin into the less goitrogenic 1,3-bis-
(3-methylsulphonylpropyl)-2-thiourea,  Morcover, certain toxic effects
observed occasionally n animals after feeding materials that contained
excessive amounts of isothioeyanates, have called for much attention.

An interesting biological effect has been attributed to the genuine
glucosides rather thun the free mustard oils, viz. that of stimnulating
the feeding of cortain inscets. According to THORSTEINSON (148}, two
oligophagons inscets! Plutclla maculipennis (Core.) and Pieris brassicac (1..),
could be induced to feed on leaves which they ordinarilv refusc,
by painting the leaves with sinigrin or sinalbin solutions, but not
with allyl dsethiocyanate.  The importance of such observations 1
obvious, considering the immense, world-wide damages caused by
host-specific insects to crops of important Cruciferac, such as cabbage,
turnip and rape. These, and many other examples may characterize
the sothiocyanate glucosides and  their enzymic fission products s
natwral products of considerable and increasing interest to a divere
group of modern. scientists,

References, pp. 169-~576.
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Table 1. Crystalline sseThiocyanate Giucosides, Known at the End of 1959.

Rotation in water
Glugeside Cation Sevdt snurce M p " . " Temp. | References
a'n o : c
{
Glucocapparin K Cleomte spinosa JATQ. ...oovvvnnnans 203-210 — 28.6° 25 | 22 74
Sinigrin® IN Brassica nizra KocH . ... ... ... . 127° —17.67 27 | (rz.n
Glucoiberin® KX 1beris amara .. ..... i 142—134° {decc.) —55.3° 20 . 49 (136
Gleeocheiruiing 8 Chetvantlhus cheivi Lo ... ... e 158-160° € —21.67 27 4.9 (128)
Sinalbin Sinupine Sirapis alba l.......o... s 8$3-84° —8.4° ‘I (r24)
Glucotropaenin (CH,: N+ Troparoium 1] e . 188-189° —16,7° 2k (2.4)
Glueonusturtiind K Nusturtium ctficieale RUBRO oL 163° —21° : (r1;
Glusegunringiin N Coazipgit ovoendal: (LY ANDRZ....... 168° {dec.) —10.9° 2t 0 3.7 (41)
Progoitrin Nn Drassica tafa oo . 145° — 22.3° (42)

® Moaohydrate.

b Pertahvdrate,. An anhydrous preparation was reported (724 to have the m. p. 138.5-140°,

ammaonium salt of

the sinalbin anion

semibed D FrriincER and LUNDEEN 23

¢ A sample prepared in this laborstory decomposed over a much broader range (61).

4 Non-nialyzed

preparation of unstated purity.

The anhydrous tetramethyl-
ftetramethvlummoniem glucosinalhate), m.p. 191-192° (dec.); [a]?;' — 19° (H,0), was de-

T
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Table 2. Crystalline iseThiocyanate Glucoside Tetraacetates, Known
at the End of 1959.

Rotation in water
FYarent glucosidr M. p® o ﬂlemp_' - Refrrenoes
D) ¢y c
Glucocapparin® ... ... ... 209-210" -—31.0° 25 | 1.8 (74
Glucoputranjivin .......... 180" —15.4° 23 | L2 (61)
Glucocochlearin .v......... 193-194" ‘ | (138)
Sinigrin ... ... .. e 192-193° ¢ - -18.6° 24, 3.6 (82)
Glucoiberind ... ........... 145-147" - 10.6° 23 , 2.0 (61)
Glucocheirolin ...t 193-194° 18.0Y 2y | Lo (61)
Glucoraphenin® ........... 155-150" ~-23.5" 27 1 1§ (61)
Glucoalyssin ..o ovns 158° —109° . 20 | 17 {1 10}
Glucoerypestrinf, ..o 188-190° - a8e” ) 23 ‘ 1.9 (78)
Glucotropaeoling ... ... .. 186 187° — 200" ' 25 | 1.0 (63)
Glucoconringiin® .. ..., .. 152° --53" ' 25 | 853 (82)
Glacorapiferint (= Progoitrin) | 178-180° - q.8°  2s 2.6 | (42, 135
‘ ! 141)

& Al glucoside acetates decompose on heating; the decomposition temperatures
are much dependent on the rate of heating.

b 1f not otherwise stated the glucoside acetates are crystalline potassium salts.

¢ Scuurtz and WAGNER (£38) reported the m. p. 195-190° (dec.); nu rotation
data were given.

4 Monohydrate, A preparation, with no reference to its water content, was
reported by WAGKER (134, 151}, m. p. 148-149%, [;_'});’ 12,2 (¢ 1.4, H,0)

¢ Monchydrate. The name glucoraphenin was introduced by GMEeNN {34 Lor
the parent (hypothetical) glicoside. WaGNER (157) reported the mop. 155 1507,
but no rotation data, for a tetraacetate sample containing less than 1 4,0,

! Monohydrate.

& Mouchydrate. Other reported data: m. p. 197-108° (r31) and 187- 1507
(dec.) (138); no rotstions were given. The anhydrous tetramethyvlimmonium salt
was  described by ETTLINGEw  and  LUNDEEN (24), ™ D 182-183°%  fdecy,

[aﬁ? --18.9° (H,0).
b Schuuryz and WAGNER (1475) 1eported m. p. 160° (dec.), {'r_\ﬁi’ -2 (¢ 2.3, 1L,

! Pentaacetate.

Rieferauces, pp. 16g—~176.
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Tahlc.3. isoThiovyanate Glucosides with Established Side-chains,
Known at the End of 1959

No. Farent gliwoside K of the dr;‘,i_‘_j(,::;'mi“ vanate, ! Reforences
3 | Glucocapparin®. oo CH,} {7.4. 84)
2 | Glucolepidiin®, ... ... ..... CH,CH,} (56)

3 | Glucoputranjivin® ............ CH,CHI{CHy)! (69, 110)

4 | Glucocochlearin® ... AN (+)—C}~];,(‘I13611(C}{3)3 (33, 50, 86)
5 b Sinpgrivd Voo CH,=CHCHLS (124, 155)
o | Gluconapin.....oooet CH,=CHCICHJ {20, 71)

7 | Ghicobrassicanapin . .......... CH,=CHCH,CI,CHy {59)

8 | Glucoibervirin ..o i CH,SCHL,CHL,CHS (#5)

9 | Glucoibeni P oLl CH,SOCH,CIL,CH, (75, 136)

10 | Glucocheirolin oo oo CH,50,CH,CHCH, (ra3)

v | Glacocruvin. oo oo CHZSCH CHyCHCH,! (73)

12 | (Glucoraphani)d oo CH,SOCH,CIL,CH,CH, (108)

13 | (Glueevaphenin)® oo CH,SOCH- CHCH,CH, (119)

14 § Glucoerysalin” oo CH,50, 1T, HL,CILCH, (126)

15 | Glucoberteroin o oo C]!aﬂ(‘,ll.‘,(‘llz('llz(']TZCHIS (91)

1o | Glucowdyssint Lo CILSUCHU N CITCH,CH, | (75, 140)

17 | Glhuceharsutin oo CHL80(CH ), (66)

18§ Gheeoaralan oo el CH,L,S0{CI,), (77

19 | Glucocamelinin. ..o oooioes CHLSOCl )y, [E% 1]

20 | Glweotropacolin®s? (o0 L CH, iy {34, 35)

sy b Siaallant oo oo (PYHOC 1 UL, (94, 11.9)

22 } Gluconubsietin ..o (PICTLOC HU (871)

23 | {Churolimnanthinyde oo () CH O H O, {22}

24 | Gluconasturtiind. oo C AL CTILUHL (32, 35

25 | Gaeoerypestrint oo CHLOOCCH O CR K (78)

260 | Glueomaleolmun oo CALCOOTHLONLUHGK LG, 90)

27 | Propeitrind (Glucorapiferivt) .. CH,=- CHCHOHCT! (42, K2, 141}

28 I Glaeocouringiim® v oo oL (CHL (O OHE (g1, 82, 1g48)

29 | Ghicobarbarm oo oo CeH ,CHOT I 11,h (70, &0)

30 | Gluenasymbein coooaoo HOCTLOHO (67)

o Fnown in crystalline form, of Table 1, posy
b oinown as ervatalbue tetvaestate, of Tabbe o pe 158,
¢ Known as crvstaliine pentascetate, of, Table o
¢ This name vas ot propused in the otiginal paper.
¢ The oecurrence of this ghcoside could not be verified iu the anthos's
laboratory.
! Cyclizes 1o (- )5 vinyl-- oxazolidinethione.
Cyclizes to 5,5-dimethyl2-oxazohdimethione,
Cyclices to (=) 5-phenyl s-oxazolidinethione

N otatile with steam.

[
h
b Cyclizas to }v)»4-!»1(1!1)'1-z-ox;\znlidlnolhi'mv.
]
kK Volatite with steam but nmay decompose.

)

Nawe proposed in agreawent with Dr. M. G FrTLINGER.
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Table 4. Molecular Rotations of Sulphoxide fsoThiocyanates of Natural
Origin, Same Derivatives and Related Compounds.

Forunla M. p. '( {M]p? 1 Solvent K-/(l‘:\‘;;ll» \ References

i

CH,SO(CH),NH, <o ovvieneees 27° | —143°  EOH | 10 | {55 54)

CH,SO(CHZ),.\'CS (iberin) ...... o 120° : 1+OH (53)

CH..,SO(CH,),NHCSNHC.}{;.... 1379 —— 138° ‘ LtOH . 1.9 (75)

C][,SO(CH,),NHCSNHCHZC.HZ,. 108"] —138° | E1OHL 2.0 (75)
( .

CH,SOCH=CH(CH,},NCS | ]

(sulphioraphene) ... .o.vnone l —238° . EtOH | 14 (rry)
CH,SOC1H = CH(CH,),NHCSNH,® | 219° P o_q38° ' HO | 11 (119)
CH,SOCH = 1 '

"= CH(CH,),NHCSNHCH; .. | 121° | —-280° l CHCly, ¢ 10 (119)
CH,SO(CH)NH, . .oeee U l —160° | MeOH“ 0.4 (r21)
CH,SO(CH ) NCS (sulphu- ‘ wt

raphane) ........ooveiennes | 140" | CHCl, | 1.4 (ran

b ——117° j CHCly ' 2 (108)
CH,SO(CH,) NHOSNHC M, ... | 145° | — 6% FOH |16 (o)

‘ I

CH,SO(CHy)NCS (alysmimy® .. .. ; —132° 1 CHCY, . 40 5 (75
CH,SO(CH ) NHCSNIL ... 106° 1 - 165" - HO zo {79
CHLRO(CH ), NHCSN UL, o | 1a? - —ag0® 0 FIOH Lt {75
(:1!,.‘50((‘1{.1)5‘\'H(“.()N}I(‘,,J.'_-,,... o2 | -147° - EtOIL 0.5 ‘; (73)
CH,S0(CH,),NHCSNHUTLC H . | 104! 175t ELOH 2 {79
CI,SO(CH )N HCONHCH,Cel 1, 106° ——182° F LtOH - o9 1 (75}
CH,30(CH ) NHUSNH, .. 8§° | — 190° i FtOH 1.0 (663
CH,SOCHNHCSNHC L, Lo | 130 --ag8™ CHCL 0B ' (66)
(i1, SO(CH, ), NHCONHCHy ... | 1217 -— 1867 B0l 1.3 {66)
CH SO NHCSN, . e yoge | eazs® | BXOH 21 G
CHLSOCH), NHOSNHC L, ... | 122° 1 - 2007 | 1tOH X (77)
CHLSOCHL) NHOSNHCH,CH | a19® , -m 220 | MOl L ooy G7)
CHLSOCIL) N HUONTICH Gl g | 11”1 1907 CROR o ()

; !
CHSOCH), NHCSNTL, .| 92) Per®i® o Lo oo (83)
CH,SOCH,)  NHOSNHCH, . | 1307 —103"  1toH o4 (&
CH,5O(CH,), NHCONHCHC Hy | 114"+ — 1907 1 ELOH Lz (D

, | |

% AT rotations reported were determined at 15 5%

t The author found that the reported compuonnd (£2¢) can hardly be authentic
sulphoraphenethiouren

¢ The vilue reported s result of microdetermination carnued ont in the
avthor's laboratory with a specimen of natural provenance, kindly furnished by
1. &L DProcifzka,

4 Nop-analyzed specimen,

References, pp. 169-- 170,
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Table 5. The Occurrence of isoThiocyanates or Their Parent Glucosides
in Specics of the Family Cruciferae.

I, root material; G, green parts; S, seeds. Bold figures in the column *‘Compounds”

refer to the individual mustard oils listed in Table 3, p. 159; the other figures in

the same column indicate the number of unspecified mustard oils observed. I and
PC in the column “Evidence” denote isolation and paper chromatography.

regpectively.
Plant Tart : Compouneds Evidence References
Acthiorema covdifolin DC, .. | G 1 PC ]‘ (38, 133)
A, pulchella ... .ot S 2 , PG (38, 133}
Aosaxatile oo S 2 } rc | (134, 151)
; |
Alliaria officimalis Axprz.... | R 5 ? (153)
5. 20, (24) e (14)
G . [ 1, ¥C (38, r5r1)
5. 20 Pc (14)
S 5 b1 IC L (14, 38, 152)
Alyzsam alpeshe ... ..., S | trc 1| (3%}
A, Avani ... ... e R 2 Pc (38, 133)
A, archai ., oo & 1, 2 ! PrcC i (318, 133)
A.oargenteunt oo S 3 c 3$
A, argentetm ALL. ... S 2, 1§, 1 PC, I (439, 140, I31)
A, argeateron (ALL) VITM.... | S 16, (15) I X (73) '
{. Benthams oo e S 5 Pe o (159, 751)
4. Bermpteelleri HAUSKNICHT S 1, 6 M8 (38, 75, 133
G 1 I (139, 150
A. Borcacariioon NYAR. ... ... 5 15, 16 P¢ 175}
A calyeimon Vo oo S 1 rC li (38)
- G 1 e (139, 151)
AL corynbostm Botss oL S i 3, 6, 15, (1'6) re o (35, ;3. 133
VUowmartitmum: VoaMo, oo ) S l 16 re | {73
A, montamen Lo, o 0 o0 S . 1,06, 15, 16 PC (38, 75)
AL orfenlale ARD, oo o0 S 6, 7. 16 1" ; (75}
A, ovivense AL KERX. (..., .. S 18, rC \7 5}
A pedentontarum . . e S | 2 PC | (3%
dLvstrabon STENV. oo e g ! 1 PG l (139, 131)
A, saxatile Lo oo oo oo S 3 rc | (1w, 1510
S | 6,7 15 16 e ' (73
G 3 rc l e
AL saratile L. var, eiyouon o S 6, 15, 16 rc ! 7%
AL sinwatiem Lo o oo oo S 7, 15. 16 PC ! {75)
A, Wadfemmazaon oo ooo oo S 1, 2 Pe (3%, I33)
: {
Arabiz albida ..o s - ' . re | (55
Ao alpestyris oo S 3 peo (3% 133
Ao alpiia Looooooal P S 1, 2 e (3%, #3015
S | 18 T SR (7:)
G 3 - PC (139, 151)

iorts hritte 4, Chem, org. SHatursi, NVHIL

1
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162 A, NJAER
(Table 5, comlinsed.)
Plant Part l Componnds Lvidence Referen s
Arabis aubrietoides Boss. ... | S 1 Popc (3%
G 4 bore (130, 151
A. bellidifolia Jacg........ - 2 PC (38, 133
G [ PC (139, 151)
A, colinsii FERNALD ...... .18 b PC (87)
A. corymbifiora VEST. ... ... G . 2 I rc (139, 151}
A. kirsuta Scov............. G 2 1PC (139, 151)
S 17 I (66)
A. holbocllii HORNEM. . ...... G 5 P (139, 151}
A. procurrens WarLDsT. ¢t it | S 3 PrC (38, 133)
G 2 PC (139, 151)
L ptomila JACQ. ool G 4 e (139, 157)
. veirofracta (GRAHANM) RYD-
BERG o ovnenersrnrninnsas S 5 rc (87)
A. vochtnensis ... ....... R - 3 PpC (3%, 133)
A vosea DC...oooviiiiai S 3, 4 1'C (38, 133)
G 1 PC (139, 151)
A. soycri RENT. ..o viunns S 1 c (3%, 1.13)
Armeracia lapathifolia Gnas.. | R 5 1 (746, 152)
5. 24 I, e (14, 47. 194
G 5. 24 ¢ (14)
Aubriesia columnifera GUSSM. G 3, 4, 22 1K (81, 130, 151)
A, deltoidea DC. ... [ G 22 1 (87)
S 21, 22 P (%1)
I, crithescens GRISER. ... .. s 21, 22 W (K1)
A hybrda ot oo G 22 P 181}
A, Difermicdia HELDR, ¢t Owen, s 23, 2z pPe (S1
Darbaiaca arcuata {Oz.)
REIWCHB, . oviiee e 5 1 (7). 24 ¢ 72)
L. intermedia BOR. L. 5 24 1 (721
B. praccox R.Br. .......... S 24 1 (32, 35)
I sfvicte FRIES oo voao G 1 PC (139, 151}
S } Pe {139, 151}
B.ovndgaris Ko Broooooooonn G ) ¢ (14, 24, 131
R 5, 24 e (14
S 24. 29 1 (7o
Testero incana (1) DC.o ... | G 2,03, 4 Prc (15, 3%, 139, 151)
S 2, 3 P (38, 139, 154)
S 15, 16 i (i)
R 1 e (13)
Biscutella arwrscuwlata 3.0 .., G 2 C (139, 151}
S 2 Prc {38, 133
I dacvigata L. ..ol G 2 pe (139, 151)
s 5, 2 e

Riferwes, pp. vy 176,
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{TaYe s, ro';linuod.)

Plant Part I Compounds ‘ Evidence ‘ References
|
Brassica cernua THUNB. ..... s | ? ' {152)
B. dicheloma Koxe. ........ S ] ? : (r53)
B. glauca RoxB. ..... s ? (152)
RB. integrifolia O. E. Scauez . | S i ? | (152)
B, juncea Caxmx. et Coss.... | S 5 ; 1 {r18)
i . G ]‘ 5.6,.724  PC (rs)
B.omapus Voo S '6,7% 9 (or 12), :
| 31, 24, 27 1, PC (89)
R 27 S )
B. nigra Kocn . ... .oueen R’ S, 24 PC, 1 (rq, 144)
G | 5 (24) I (149
S ! 5 (24) 1 (152}
B. olevacea 1.. var. capitaia 1.. | R § 24 | (149
B. oleracea var. hort. ....... S| 5.6, 7 24 e (13, 53
S5 so2 1 % (4, 127)
G 5 6 e (59)
G ! (5.6 8),27 1 ' (1, 100)
G 9, 12 Py (ro9)
B, pseudojuncca ... ... S 5 6 Bt VR (53)
Borapa Loooooooiii e S ‘ (6, 7. 24), 27 - PC, T | {4, 13)
R 27, 24 R (4 144)
|
Bunias erucago T ... ... ... S 2, 3 'PC ]‘ (3%, 123, T39, 151)
B.ooricutadis 1o oo, s 2, 3 LRG3, 133, 14y, 151)
G 2 o re | (35, 130
K 1, 2 , PC ; (15, 131)
i i
Cakile maritima Scov.,...... 1 S E s ! PC ! {74)
S | 7 R 1)
| ! i
Cameling dentaia (\Winen.) | E ‘
PRERS. . ..vveiivninanennns S | 9 LoPC (&2)
C. microcarpa ANDRZ. ....... s | 19 R L S (43}
C. sativa CRANTZ ... vuunn S 19 b (43}
' P I
Capsella bursa pastoris (L.) ; . ‘ !
MEDIC. ..ot S 5 S B (152)
Cardamine amara V.. .. ..... S ‘ 4 CPC (18, 131)
. . G 4 1 ! (152)
C. fleaxuwose WiThH. .. ... ... (I 1 PC (139, 151)
C.graeca L...........C e 5 6, 20 Pc {72)
C. Mrswta V.. ... 0o G ? 1 (152)
C. pratensis L. ............. n i 2013 re (1%)
G 4, 2 1, PC (38, 152)
S 4 Pc (38, r31;

1n*



104 A. hyar:

{ Fable 5, ..m!uuu‘d.j
Plant Part ‘ Cotngeatals Fuidense Reforences
Cheiranthus Allioni hort. .. .. S ‘ 3 PC (r39, 15I)
C.cheiri Lo oo S 10 I (123)
C. KewenstsS . oovveinnnannnss S 2 PC (r39, 131)
‘; ,
Cochlearia anglica (L.) ASCH. ;
et GRB....c.ovvunnns e ) G 3 . | (69)
S . 3. 4 28 rc (82)
C.danica L. .........cooo0 s . 3. 4, 28 [ LV (82)
C. officinalis T.. ... .cooiene. S 3, 4, 28 ) B (82}
Convingia orientalis (L.) i ' i
TIUMORT o vvverennennnnon S . 28 bro (82, 2.41)
i i
Coromopus didvmus (L.} Sm. .| G 20 o1 (ror)
Crambe suaritima Lo ..o S §, 2 LoPre (38, 72}
G 3 . N O (139, 151)
: i
Dentaria digitata LaMArek. .. | G } I ¥ rc . (139, 157}
D enneaphylia Lo oo oo G 3 rc (139, 1571}
Diplotaxis ceodes (L) DO LS 5 re (38, 139
D, oamaals (L) DL oo IR S 1C (3%)
G 5 re (3%, o1
S 5 re (72, 151
1 towregolia (1) DG R,G 11 | (17}
i
Drabo qicoides .o S 2 < (38, 135)
D). arroon WALLENB. . o... .. S 1 I'¢ (136, 171)
1. borealis DC.. oo S 4, 20 (%) 1»C (72)
D, Havnaldi SyCR. oo S 1 rC (r3o. 151)
D.odncana oo S (5. 6), =2 pPC (3%, 72, 133
G T 1C (r30, 157)
1. movivegiva GUNN. ... S 3 PC (38, 139
G 2 rc (139, 151)
D, pyrengica ..o S 3 - PC (38, 134
D.orepens coueeiiiei e s 2 L ¢ (a8, 239
i
Irica sativa M oo « 11 e t15)
‘ S 11 1, PC (38, 73)
Losadird YMK Lo S 2 rc {ri9, 150}
. G 2 . P (139, 1571}
! i
1
Irncastrane gallicion (W) ! 1 !
O E SCHULZ. . oveinnns s ! 5. 6 e ! o)
L. Pollichii Scu. et Svo. ... G 1, 24 Peob g gy 151
Evystieon alpocian oo S 1 Pope o (R}
1o wreatisaictinl NUTE. v vs o S - I N XN (123, 131)

References, pp. 160 170,
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s Parent Glucusides.
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Plant Part Eom;munds Evidence Relerences
1
Ervsinuom cheiranthoides 1. | 8 5 o PC (72)
G 4 PG {r39. 151)
L, helvelicwum oo oo S 2 PC | (38, 133)
E. namon Boiss. et lonen.. | § 10 | PC (r3n
E. ochrolemcum DC. ... 0.0 S 10, 25 ©OPC (78)
E. pachycarpum hort. fil. et 1 5
THOMS. vvovenonrenoannns s 2, 5 . PC (38, 133, 139, 151)
G 2 | PC (139, 157)
E. Perofskianuin J'1sCH. ct ! .
MAV.. .o N S 1 (?), 5 " pC (72, 139, 150}
S 14 A * (ra6)
E. pumitum DC....ooooenen S 1, 3, (10, 35) . PC . (38, 7& I133. 130,
i ! S 151)
G 2 l rc ! (139, 751)
E. rupestre DC.oooovnnn S 3, (10, 25) PC, 1 - (78, 139, 151}
E. strictissimum L. ... S 3 , PC (139, 151}
E. vincolewcion ..ot S 2 LOPG (38, 133}
Futrema tiasabi Maxut ... R,G 4,5 l 1 ; (ro3)
Farsetia clypeata............ K 4 or 5, 11 PC (38, 73
G 1 s (38)
s 1 PC (38)
Hesperis mationalis 1o G 1--2, 5, 3 rc | (38, 130, 151
& 3454 11 PC 1 (38,73,139.14-.157)
Hutchinsta alpiva R B G 2 UV (139, 757)
5 24 ¢ (72)
Tberis amara Lo oo IN 9., 2 1C (15. 3Y)
G [ ne (3%)
S 9 I (r36)
G 9 G (39)
1. cempervivens Lo oo S 8, 11 1 (55)
G 5 PC {14, 15)
7. wmbcllata Duxser L. S 2 rC (239, 1511
|
Isatis tinctoria L. ... ... ... S | 2,6 PC (38,572,233, 250,75,
G 1 rC {13y, 157
Kernera saxatiis Memevs .., | 8 2 e {38, 150
G 3 4 re (139, 151
Lepidinm cawpestre R Bro .. S 21, 2 PC (38, 133 130, 158
G 21 rC TN
R 2 rc (15)
L. densiflorum SCHRAD. ... | S 20 »e ;)
L Diota Lo oioant. 5, 3. 12 G (30 10X, 132, 0y,
! 151)




(Tabie 5. continued. )
Plant Part ! Cotngrrincls l Evidence Referenees
. { ‘
Lepidium graminifolivm L. .. R,G’ 20 g Pc (r%)
L. datifolviem L. S | 2 i PC (38, 133
G | 2, & p PC T (g, 38 139)
L. Menziesti DCooo oo S l 2 . ¢ l (56)
L. ruedevale Lo ... S | 20 , PC, I (38, 40, 133)
G 20 e (s 38 133)
R 20 | PG {15)
L. sativum 1. ... e ...l S 20 | i (35. 4v)
G| 20 . re (38)
1. virgindewm VoL .. P S l 20 ‘ PC (72)
i '
¢
Lunaria annua Y. ... ... S ! 3 4.3 .opc I (14, 72)
L kiennis Mxch, (= L. annua i i ]
0 Y S | 3. 15 P L PC (69, 91)
L. redsvive Lo oo S ' 15 i PC | {on)
{ | {
i
Malcolmia maritima R.Br... | § 10, 16 E | | (76, 90)
| i
|
Matthiola annua R.BR. ..... S ' 123 11 ' PC (386973 139, 151)
G . 2 24 toPC (14, 3%
AL bicornis DU oo s ! 13 [ S (r3%)
M. fenestralis (1.} RobBxr. ... S | 1 (?) ' PC {72}
M. incana R Br. oo S 1 .orC (139, 151)
| | :
Nasturtivm officinale R.Bn. ] S ' 2, 24 i PC (38, 52, 133)
G 2, 24 ckC, Yty 350 38 131)
i | I
Parrya menziesii. ... § | 13 ! PC (38, 133 13y, 131)
Raphanus raphansstrum 1..... G : 3 Lope ' (3%, 182)
R. safivws L. var. alba ... ... R 13 . (. (r19)
S 1o 1(%), 3 Pe (38, 72, 133)
R. sativns L., var. sgra ... R 3 "c ‘ (139, 151)
S | 2 pe o (139, 151)
R.sativus L. var. radiculaPers. | S 5 (trace) re (52
. .
Rapistrum peievne AL, ... G 1, 6 Lope (72, 139, 150
Je. rugosum (L) At ..o G0 S X A (4 4)
. ; i
k .
Rovippa amphibia (1.) Bess. | B 2 LpC {35
R. silvestris (1) Bess ... .. R 2 PC . (rs)
Schivevckia Dérficrs ... .. .. [ i 2 e (140, 151}
i
Sinapis olba dooo.o.. P R ’ 24 ‘ I ‘ (144
S 21 bor {04, 114)
S.arvensis Lo oo S | 45 " PC 1 (3%, 133, 152)
: G ! ‘ i (182)

Refercncer, pp. 169 - 176,
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{ I'ablr 5, continued.)

Plant Vart Compounds " Evidenee Referencrs
Sisymbrivim austviacwm Jaco. ) 3, 30 PC, 1 67)
S. cheivanthoides E1. et W... | § . ? | {99}
S. Loeselii 1. ..o, G v . P (38)
S. officinalis (L.) Scor. ..... S M, 1 1, PC (38, 99. 131)

‘ G I ' PC (38, 131)
5. sopkia L. ..o S 5 tPC (72)

‘! G 2 . pc (r5)
S. strictissimum Yo........... S . 2,(3 4) , PC (38, 72, 133)

i : i
Thiaspi alpestre L. ......... .18 1, 2 . PG (38, 7133, 139, T51)
T, arvense 1.......... e S 1,5 1 PC (38, 40, 72,133, 132)
T. perfolintum Lo ... S 3 B L ¥ (139, 151)

R, G 2 ; pC (15)

T. rotundifolium GAUVDIN ... 3 1 o pC (r39. 151)
Vesicaria gracca Rywi. ..., .. G 3 ‘ C (139, 151)
1" stnuate POIR. .. oo S 1n i PC (73
Voowutvicudata 1o o000 S 11 1rC (73)
Vogelia panicudata HorxeM. .. 6 1 S ol (139, 151)

Table 6. The Queurrence of isoThiocyanates or Their Parent Glucosides
in IFamilics Other than Cruciferac.

The symbols are those used 1 Table

5, e aor,

Plaut Part Coiupounds bvidenoe Kelerences
1. Capparidaceac e
Capparis spinusa L. ... .. S 1 I 63, 152)
G 1 "o (rs)
Cleome arabica V... L. S 1 -4 unknown R (re, &4)
C. arborea Bss, (... ... .. S o1 -4 unknown 1°C (89)
C. gigantea L. ... .. 5 i 1 b uuknown 1'C (L)
C. graveolens Ravix.. .. .. S x4 unknown e (80
C. monophvlla 1. .. ... S 1 -+ unknown ¢ (8.0)
C. speciostssima Dyeey. .. S ] 14 uwnloown  PC (&9
C.ospinosa JacQ. ... S P2t unknowny PC, T (8y, 130, 151)
Covrscosa Too o000 . S 1 4 unknown 1N ¢ (vy, 152)
C. trachysperma (Torr. ct
GRrAY) Pax et ‘
K. Horsm. ....... < ©op b unknown 0 PC (&
Gynandropsis gynandiu
(1.) Braip. ..o S 1 - pC (72. Sy
G, poutaphylla DCo ..o S unkuown ool (152)




A, Kjxr:
fYable 6, continued.)
Plant Part Cowpounds | Bvidence References
'
2. Cavicacrar ‘ : ' i
Carica papaya T ....... s | 20 . (21)
| | !
3. Euplorbiaceae ; { i
Jatropha multifida L... ... Latex 20 (?) ST (29)
Putranjiva Roxburghii ! ] |
WALL. .oviveenann., S '3, 4 unknown I {110}
4. Lémuanthaceac ‘ . l
Lismnanthes douglasii R. ! !
Br............ . . S 23 i 1 (22)
!
5. Moringaceae
Moringa plerygosperma ‘ |
GAERTN. ... ......... R “'zo0" 1 (»8)
6. Phytolarcuceac ' ‘
Codonorarpus  colinifolius ‘
(DESEY . ceiian., . G 4, (20?) ) S {6)
7. Plantagivaceae . ;
Plantags major 1.. (?) ... G 13 , PC (roy)
! !
8. Rescdaccar ;
Reseda alba 1.0 ... .. iR 24 PC (15)
R oDt Voo oo ... It (?), 20 PCO (g 150
G (" 1 {(152)
R dateoda V1.0 0L, R, G, S () K (120
R 1, 24 Pc {re, 38
R, G ' I b (231}
G, S oy 1, ©C (Sw)
R oodovata Yooooo ... .. R 24 1 (5)
s o2 (?) YC 72 15y, 151)
9. Salvadvracear ,
Salvadora olcvides DEN. || s 20 1 (105)
. i
{
ro. Tropacolaceae
Tropacolom mujus 1., S 2¢ 1| (3.0
. . G 20 1 1 (34)
T. peregrinum (canaricnsy) S 3, 4 PC s

References, pp. 169—1;6.
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The Effect of Thiocyanate in Nutrition
on the lodine Content of Cow’s Milk

By EmNo PuroNEN and ARTTURI I. VIRTANEN

With 1 figure in 8 details and 5 tables
(Rocelved September 10, 1762)

When the claim (1) that milk produced on Cruciferae plants has an antithy-
roid effeet has been investigated in our institute in recent years, special atten-
tion has been paid to goitrogenie substances in these plants and in milk (:2).
Caeay and Virraxus (3) showed that the thioeyanate ion (SCN-) which
canses , cabbage goitee® is formed in ernshed Brassica plants enzymically from
the precursors glucobrassicin (4) and itx Ny-micthoxy derivative, neogluco-
brassicin (3). These precurszors were found in different Brassice specics and their
stractures were elucidated. The thioeyanate formed when the cow is fod on
Brassica plants is scereted partly into th~ milk. but its concentration in milk
does not rise essentially above 1 1g?% even when very large doses of thiney:.
nate are ased (6). VILKKI ¢t al. (7) have shown that thislevel does not yet cause
any disturbances in the uptake ol iodine by the thyroid gland of man. In feeding



Piironen and Virtancn, The Effect of Thiocyanate n Nutrition 141

exprriments of long duration it has not caused goitre in rats, either (2). This is
truc provided that the lack of iodine in the nutrition is not so great that even a
small disturbance in iodine uptake would lead to the development of goitre.

VIRTANEN, KREULA, and Kigsvaagra (8) found that also the strong antithy-
roid compound, I.-5-vinyl-2-thiooxazoiidone (goitrin), - which is formed in many
Brassica fodder plants when these ave crushed (9) - is transferred to milk from
the rumen of the cow in so minute amounts that it is of no practical importance.

FEven though the amount of thiocyanate which is formed from a large
amount of cabbage or rutabiaga does not make milk goitrogenic, it may have an
indireet unfavomable effeet on the iodine metabolism of the animal. In addition
to a disturbed iodine uptake by the thyroid gland. it has been ohscerved that the
iodine content in milk produced on different Brassica speeies has decreased
while the thioeyanate content has inercased. On the other hand, surprisingly
hich iodine contents have heen observed in milk after the feeding of thioeyanate
(10) bus been discontinued. These observat jons Yed 1o the question how thio-
oyanate affeets the iodine content of cow's mitk. In order to clucidate this
question, three cows were fed 1.0 g of SON- as the potassium salt daily du-
ring one week and 3.0 g daily during the nest week. These amounts of thio-
cyanate correspond to the amounts which cows take in when Brassica fodder
plants are fed in abundanee. The milk sampleswere analysed for both iodine and
thiocyanate.

Experimental
Methods

A modification of the method of BARKER et al. (11) was used with slight alterations for
the determination of the total iodine in milk and fodder. Using this modification, ViLkg(12)
had earlier determined the iodine contents of the most common foodstuffs in Firland,
especially milk. 0.25-1.0 m] of milk or 50-300 my of ground fodder, 1 ml of 10% zinc
sulphate and 1 mtof 5 N potassium hydroxide were measured into glass tubes. The mixture
was dried for 18 hours at 110 °C and then for 2 hours at 150 °C, after which it was heated
at 600 © for 2 hours. The asdi was dissolved in 5 ml of 0.08 N potassinm arsenite. 3 mt of
the eloar centrifuged liquid was acidified with 1 ml of 7 N sulphuric acid which contained
10%, (w/v) rodinm chloride and warmed to 37 .1 i of 0.01 N ccrium ammonium sulphate
was added and the optical density of the solution wes mensured against water with o
Klett-Summerson colorimeter (lilter 42) 6 and 12 minutes after the addition. The aimount
of iodido cntalysing the reduction of Co (IV) wax bt ained by comparing the difterence of
the corresponding trunsmission values with those of the samples after the addition of 0.04
ug of iodide.

The determination of the thiocyanate in the milk was performed according to Banrx FR'S
(12) method, The protein in 10 mlof milk was precipitated with 10 mlof 209, trichloroacet-
i acid, 1 mlof 5% (w/v) iron (11} nitrate in 2.5, (v/v) nitrie acid was added to b ml of
the filtrate, and the colour was measured with the KLErr-So s ErRsoN colorimeter (filter 50).
A solution containing 5 ml ol the filtrate and 1 ml of water was used as a blank. The thio-
eyanate content of the sample was obtained by comparing the results with a stundard curve,

N The arrangement of the feeding experiment

The feeding experiment was carried out with three Ayrshire cows with a fairly equal
milk production on the Jocnsuu farm during the indoor feeding period 7.2.-12.3.1062.
Aino, 5 years old, calved on January 14, 1962
Ellall, 3 " » o September 25,1061
EloIl, 4 . » s August 31, 1961
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The average ratiovs aid the average iodine contents of the different feeds given dur-
ing the experiment ave shown in Table 1.

Table 1.
The rations and iodine cortc nts of the different feed components used in the experiment
‘ved 1 . lodine, ug/ky Jodine, mg,
Feed ration/day fodder in dnil;' ralion
25 hy maize-ALV-siloee 190 4.8
65 ,, crushed oats 45 0.2
3 ,, hay 115 0.3
3 ,, struw 350 1.1
40 1 water 15 0.6
Total 7.0 mg

The feeding experiment s as continued during five periods of one week. Additionnl por-
tions of potwium iodide nnd thiocyanate, mixed with a small amount of crushued oats,
were given daily at 2-2.20 p, . 1o ~ach cow as shown in Table 2.

Pable 2. Tutake of additional K1 and KSCN in different test periods

Week ih;u. » I ‘I\TI n; KSCN g Cows
1at 1si-5Hth ' 0 0 all three
2nd 6th 12th 13.1* 0 "
3rd 13th-19th 13.1 DL "
4th 201h-261h 13.1 5.()%e* .
5th 27 th--331d 131 0 Elo 11
5th 0 0 Aino and EHa 11
*10mg I~

#* 1.6 g SON
#4830 ¢ SCN-

Pable 3. The average milk production in difterent {est periods

Morniny milk Eaening milk Produetion

Cow Week Kggfday Ki/day kg/day
Aino 1st %.1 7.1 15.3
2nd 7.9 6.5 14.1

3rd 7.1 6.5 14.1

4th 7.0 6.1 13.1

5th 7.3 6.2 13.5

Ella I1 15t 7.4 6.3 13.7
2nd 7.1 5.3 124

3rd 6.2 4.7 109

4th 6.2 5.2 1.5

5th 5.6 4.7 10.3

Elo 11 18t 7.6 6.2 13.8
2nd 7.2 5.9 12.9

3rd 6.4 5.1 11.5

4th 5.7 4.8 10.6

6th 5.8 4.7 10.5
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The cows were milked in the morning at 6 .30 and in the evening at 5-5.30. Determi-
nations of indine and thiceyapate were enrried out on each mitl sample, The average milk
produt'ﬁl)n of the cows during the different perivds s shown in Table 3.

Results

The vesulis presented in Fieo Tand Tables 1md 5 shiow that the confinuonus
feeding of thiveyvanate effectively decercased the indine content of the milk of
cuch cow although the contents revealed individoal differenees.

The thioeyanate (RUN ) comtents of the mitk during the experiment are seen
in Table 4.

Table 4. Seerction of thioeyanate into mitk

The average SCN  content of milk, mefl
Cow Tefore SN~
feeding
1at—12th days

- Sccretion of SCN-
’ - into milk during
1.5 ¢ SUN=/day | 3.0 g RON-[iay '\I::"':(lgiﬁ: the test, %,
. . D pdovh . e,
1ith--10th days { 230d-20000 G0 S § oo Canrd days of given nmount

Aino 1.7 6.2 8.1 1.9 3.6

Elall 34 6.8 9.3 2.2 2.2
Slo 11 35 6.3 8.1 34 2.0

A daijly ration of 1.5 p of SCN- per cow raizedd the thioeyanate coneon-
tratioin in the milk in 24 hours 1o 0.6 - 0.7y O, independently of 1the mitial
level, With a double ration, the thiveyanate eantent of Ella 11's milk rose to
0.9 mu%, and that of Aine’s and Elo 117 milk tempaorarily 1o 1.2 me Y from
which Tevel it soon decreased to an s erage Jeved of 0.8 mg .. During the whole
experiment the total seevetion in Ainos mitk was ahnost twiee (3,677 of the
given amount of SCN ) ot in the other cons (20 22000 of the given
amount) The thioeyanate conecntration, which wives nsually higher in the eves
ning mith than in the more abundant morning milk, decreased rapidly o the
initial Tevel after the feeding of thioeyanate was dizcontinued, The deerense
was somewhat more rapid than in the previos experitnents of Viras e and
Gmenn (6) in which no additional iodide was given.

The changes that oceurred simultancously i the iodine content of the mitk
are secn in Fig. 1.

During the first week. when the cows reccived 7 mg of iodine per day in the
fodder, the iodine content of the milk amomnted 1o about 1020 g per 1,
which corresponded to 2.6 .19 of the daily iodine intake. The daily acdedition
of 10 mg of 1= in the second week increased the iodine content, of the milk 1o
90-175 g per 1, which corresponded to 7.4-13.20) of the total iodine fe:t. Tu the
third week, the iodine content of the milk deeres wd abruptly alveady aficor the
first doxe of thioeyanate (1.5 ¢ of SCN - per 24 hours) and fell to a minimum on
the sccond or third day (3.1 4470 of the {otal iodine seereted into the milk).
rose then almost to the maximum of the previous jodide periad, but began to
deercase again in two test eows after 3.4 days. A double dose of thioeyanate
(3 g of SCN™) cansed the iodine content 1o deerea<e o a relatively stable level
which corresponded to the minimum level obtained alreaddy with the first dose
(1.5 g) or to aboat 1y of the concentration reached before the thioeyanate period
(8.0-4.394 of the total indine seeret od into the milk). The average amounts of
iodine seereted into milk diving the experimental periods are shown in Table 5.
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The discontinuation of the thioeyanate
. > e b
feeding cuused a remarkable change. Alt- . "i :: % %
hovph iodide was no Jonger given to two y 3 e
cows, the iodine eontent of the mitk rose so ’E ERN ‘g -
. . . . & d
high that it either reached orexceeded con- 21219 2 =
siderably thehigh iodinelevelthat prevailed e " g ileez =
: . : 5 o 3
before the feeding of thiocyanate when the e sl==&| =
cows teceived 10 mg of I per day. Tt was e e
i-11 times the indine level of the milk in 8
the itial period of the experiment, before &
1: . : e ¢ - X 2R B A
the feeding of iodide (Table & and 19z, 1, £z REI R
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when itin fed Inrge quantitios of Brassica plant<. b our experiments the effect
has been acivieved with quraniiiies eorresponding to those eattle reccive nor-
mally. The mechanisim of jodide uptake by the mammary gland is obviously
very seasitive to the effoet of thiocvanate, more sensitive than the mechanism
of iodide uptake by the thyroid ghind. Also the fact that RRINEKE (17) recently
suceeeded in achisvine a similar resuit. with a goat in injection experiments,
using a quantity of thioevanate which did not yet inhibit jodide uptake by the
thyroid gland, supports this view,

Because thioevanate prevents the seeretion of iodine into milk, it protects
cows from getting woitre when the iodine eontent of their feed is low. On the
other hand, the low todine content of milk is harmtul from the point of view of
hmean nutrition.,

The finding that when the feeding of thioeyanate was discontinued, the
iodine content of milk inereased within a few days to a value 2 to 11 times ax
high as that attaived with the corresponding iodine doses before thiocyanate
was fed is espeeinlty striking. 11 scems at first sicht as if jodine had accunu-
Inted somewhere else in the organizm during the feeding of thioeyanate and was
scereted into the milk after the influenee of thioeyanate had ceased. However,
it st be taken into constderation that even in the last experimental period
the amount of jodine seerefed into milh was only obout 20%, of the quantity
given, A hypothesis of an acenmulation of iodine in the organism during the
thiocyanate feeding i thus not necessary to explain the enormons rise in the
iodine level of the milk when thioeyvanate was omitted. I is more probable that
the feeding of thineyanate activates a mechani=m in the organism which stimu-
lates the jodide uptake by the monmmary eland. As a result of this activation,
the secretion of iodine into mili vises when thioeyanate is no longer given. The
fluctnations in the jodine content of the milk when o lower dose of thineyanate
{1.5 g of SCN" /ecow) was given during the third feeding puriod also support this
assumption. A sharp deercase in the iodine content was followed by a strong
merease and {hen a deercace. Only when 3.0 g of thioeyanate was fed daily to
a cow, did the Jow level remnin eonstant.

As we have found o far, the {odide uptake hy the mammary gland is very
similar 1o that of the thyroid gland. When thioeyvanate inhibits the iodide
uptake by the mammary gland, the capacity of the gland to take up jodide is
stimulated, This state of stimulation continues even after the feeding of thio.
cyanrate is stopped. and it is the cause for the exceptionally high iodine content
of the milk when thioeyvanate is removed from the fowd. It is possible that the
vesults presented in this paper ave the first hints of an analogy between the
mammary gland and the thyroid gland regarding the uptake of iodide.

According to previous investigations in this laboratory, the continnously
increosing use of Cruciferae plants in the feeding of cows, expecially in the
northern areas, does not make the milk goitrogenic. The results presented
above reveal an indireet danger: the feeding of Cruciferae plants deereases the
jodine content of milk greatly, This effeet must be taken into consideration
particularly in a country lile Finland where mitl ix the most important sourcee
of iodine in food (12). I"or this reason the general use of iodized <alt in human
nutrition should be emphazized mare than ever before. The use of fodine.
containing salt mixtures in eattle feeding in order to climinate possible disid-
vaniages caused by thioeyanate in the fodder is also recommended.,
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Summary

Whea cows are continuously led anounts of potassivm thiocyanate corresponding to
the quantity formed from 15-30 ke ol he marrow kale or rutabaga per day (L5 and 3.0 g
of SCN--, respectively), the thioeyanate concentiation in the milk rises and the jodine con-
tent of the milk decrenses. When the leeding of thiocyanate is discontinued, the indine con-
tent of the milk rises much phove the initial level daring a few days. The results suggest that
{his 38 due 10 & mechanism that repulates the uptake of iodide by the mammary gland.

Zusammenfussiny

Wern die Kihe kontinuierlich mit solchen Mengen von Kalinmrhodanid gefuttert
werden (resp. 1.5 und 3.0 g 8CN ), welche der aus 15-30 kg Markstanmkohl oder Kohlriihe
pro Tag entstehenden Quantitit entsprechen, steigt die Konzentration von Rhodanid in der
Milch vater gleichzeitigor Senkong des Jodgehalts. Wenn die Fitterung von Rhodanid
nicht nchr fortgesctzt wird, steizt der Jodgehalt stark iiber das Anfangsniveau withrend ein
paar Tagen. Die Resultate weisen daranf hin, dafl dies auf ¢inen Mechanisins zuriickzu-
fiihren sei, der die Jodidanfuahme der Milchdrise regelt.

References

1. CLenExTs, B, W. and Wisuary, J. W, Metabolism 5, 623 (1936). — 2. VIRTANEX,
A. 1., Expericentia 17, 241 (1961). — 3. GmELIN, R. and VIRTANEN, A. 1., Acta chem. Seand.
14, 507 (1960). — 4. Gurniy, R. and VIRTANEN. . L .Ann. Acad, Sdi. Fennicae A 11 No.
107 (1961). — 5. GurLy, R.end VIRTANEN, AL 1., Suomen Kemistilehti 13 35, 34 (1962):
Acti ehem, Scand, 16, 1378 (1962). -— 6. VIRTANEN, AL and Gueis, R, Acta chem, Seand,
14,941 (1960)), ~- 7. VILKKL, I, KrEvLA, M., and PrizoNey, E., Ann, Acad. Sei. Fennicae A
II No. 110 (1562). — 8. VirraNnty, A 1., Krevra, Moand Kiesvaara, M., Acta chem.

Scand. 13, 1043 (1959). — 9. Kneora, M. and Kiksvaara, M., Acta chem. Seand. 13,
1375 (1839). — 10. Pnnrosuxn, B and Virranex, AL, (unpublished). — 11 Barkeg,

8. B., Husiriey, M. J. and Soviy, M. L, JL Clin, Invest. 30, 565 (1951). - 12, Viugki, P,
Ano. Acad. Sci. Fennicae A 11 No. 71 (1956). - 13, Bankew, ., J. Am Med, Assae, 106,
762 (1936). - 14, Brown-Graxt, K., J. Physiol. 131, 70 (1956); 135, 644 (1957). ~— 15.
Torrer, G. 1, Toxa, W, and Ciatkorr, 1 L., . Biol. Cliem. 284, 350 (1939). - 16. Gar-
NER, R. J., Saxsom, B. F., and Joues. H. G, J. Agr. Xei. 53, 283 (1960). — 17. REINEKE, .
P., J. Dairy Sci. 44, 937 (1961).

Authors' address:
Dr. E. PUROREN and Prof. Dr. A, VIRTANEN, Biochewical Inatitute, 1lelsinkl (Finland)




